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FOREWORD
The werk described herein was performed by the General Electric Company,
Nuclear Systems Programs (NSP), under the sponsorship of the National Aero-
nautics and Space Administration vnder Contract NAS 3-6474. The primary
purpose of the Advanced Refractory Alloy Corrosion Loop Program was to evaluate
the compatibility of candidate refractory alloys in contact with alkali metal
working fluids under conditions simulating those anticipated in projected space
electric power systems. This program which was ini.iated in 1965 consisted of

four principal investigations, namely the T-111 Rankine System Corrosion Test

o
Loop, 1900 F Lithium Loop, Advancea Tantalum Alloy Capsule Tests, and the

25000F Lithium Thermal Convection Luop Test. This report describes the T-111

Rankine System Corrosion Test Loop, which shall be referred to as the T-111

Corrosion Loop in this report.

The basic design of the Corrosion Test Loop was developed and proven on
%*
a prior program, also sponsored by NASA - Lewis Research Center, and only a
limited number of minor design modifications were required for the T-111 alloy

system. J. Holowach was responsible for making these design modifications.

Preparation of the specifications for the purchase of the rer:a :ory
alloy materials and the performance of the guality assurance testing required
prior to the release of the material for fabrication were the responsibility

of R. G. Frank.

W. R. Young, P. A. Blanz, and H. Mann were responsible for the fabrication
of the test loop. Dr. R. B. Hand, H. Bradley, L. E. Dotson, J. Reeves, and
L. A. Paian were responsible for the purification, handling, and sampling of
the alkali metals used in the 1loop test. W. H. Benne thum made noteworthy
contributions in the various phases of loop instrumentation, particularly in
the areas of thermocouple calibration and installation, Dr. T. F. Lyon was

responsible for the calibration of the partial pressure analyzer aud the

NASA Contract NAS 3-2547.
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interpretation of thc spcctra obtained during test operation, T, P. Irwin

and A. C. Losekamp instrumented the loop and together with D. E. Field,

S. Roof, and M. Hamilton monitored the operation of the loop during the

10, 000-hour endurance test. T. Irwin and A. C. Losekamp were also responsible
for the disassembly of the loop following test and the preparation of speci-
mens for ~hemical, metallographic, and mechanical property evaluation and

the compilation of the results of these investigations. J. P. Smith led the
rather extensive posttest evaluation effort and was assisted in this &ork

by A. Losekamp, I. Miller, and G.. Anderson. The authors also wish to
acknowledge the efforts of Ms, Carol Kiefel in the preparation of this

report.

This program was administeved for the General Electric Conpany by
E. E. Hoffman and Dv. J. W. Semmel. R. W, llarrison acted as the Program

Manager of the Advanced Refractory Alloy Corrosion Loop Program.

R. L. Davies and T. A. Moss acted as the Technical Managers for the

National Aeronautics and Space Administration,
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119C2975 3|3 | 2[2 | Nozzle Ass'y L -14-56
142B1927P1 31313 Casing 4-14-66
142B1231P1 34314 Thermocouple Well 4-14-6h
142B1530P1 31315 Transducer Connector 4-14. 66
9410864 11X ube 4-14-66
142B1930P2 31315 Transducer Connector 414 -66
263E813G1 L Pump Outlet Ass'y - K 5-3-66
263E827G1 L1 Valve, Modified Hoke (Metering) A | 5-27-66
119C2893GL Liz]1 Ball Bearing Stem Ass'y D 5-27-66
47c140161G1 bl1]2] { Yoke, Modified B |11-1-66
142B1GTLPL 411 | 2]1] Pinlon Mourt A | 5-27-66
119C2624PL Liil3 Spur Gear B |11-1-66
119Ce625PL 4{1| 4] | Pinion, Involute B |[11-1-66
1L42B1815P1 411 | 5| | Bushing, Modified c |5-27-66
1L42R1859P1 L{1 16} | Collar 12-11-64
9L1D8TYPL Ll2 Tube 4-1L-66
941DT753P5 il5 Tee B 4-14-66
263E808G1 5 Surge Tank Ass'y - K A 5-1-67
263E643P1 51 FM Pump, Modified A |5-1-67
9L41D864 11 Tube h-1k -66
9410753 1|5 Fitting B |4-14-6€
119C2969P1 5(2 Tsolation Valve, Modified 4-1k4-66
263E827G2 L1} x| | valve, Modified Hoke (1solaticn) [A |5-27-66
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LIST OF DRAWINGS oace 3 op 6
ASSEMBLY TITLE __Corrosion Loop ASSEMBLY NO 263897
PROGRAM TITLE Advanced Refractory Alloy CONTRACT NO. NAS 3-647h _
ITE DWG LEVEL T issue
NO. | omawing numBEr |1 ]2(s (4 DESCRIP TION/TITLE Rev.| DATE |cooE
119C2893G1 4 {1j1!1X| Ball Stem Ass'y D 5~27-66
4701401616 L {1]2| x| Yoke A | 5-27-66
142B1974PY 5 1105 |1 [x] Pinton Mount A | 5-27-€6
119C2624P1 4 }1{3}x| Spur Gesr A 5-27-66
119262521 L 11|% (x| Pinton A | 5-27-66
142B1815P1 4 }1]5(X | Bushing - Modified o 5-27-66
14281859F1 L 11]|6iX| Collar B 5-27=60
L7C140159G1 1|7 Bi-Metallic Joint L-1k-66
119C297GP1 513 Coil - Argon Press - K Y-1k-66
941D897G1 6 Turtine Simulator - Condenser A L-29-67
9410364 141 Tube -1k -66
142B2351iP1 613 Bracket L-1k-6A
941D87hG1 6|2 Turbine Simulator - Nine Stage A Lo29-67
119¢2977 313|2 Nozzle Ass'y L-1h-66
119C2976 3|3l211| Blade Ass'y L-14-66
119C2975 3131212 ] Nozzle L1k -66
142B1932F] 612]1 Key b -1k -66
142B1929F1 61212 Transducer (onnector L-1h-66
2L2R1926P1 6213 Reducer Lo1h-66
142B1928P1 612 |b Casing bh1k-66
119C2978F1 31312 Reducer L-14-66
142B1931P1 3 ]34 Thermocouple Well L-24-66
941DB6L g, 1 ]x iube —_ L-1h-66
263E825GL b 13 Condenser 414 -66
4hiD894GL I Sub-Cooler Reservoir 414 -66
941D882P1 7 Tube, Pump Return - ILi L-14-66
263E818GL 8 Spool Ass'y L-1k4-66
142R1365P1 ]2 Mou-ting Bracket 4-14-66
24 5R613G1 9 Support Structure b1k -66
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ASSEMBLY TITLE Corroslon Loop _ ASSEMBLY NO. 246RBGT
PROGRAM TITLE Advanced Ra:fractory Atloy CONTRACT NO. ___NAS 3-6474

ITE:r DWG LEVE: ISSUE

NO. DRAWING NUMBER IR ER :4 _ DESCRIP TION/TITLE REV. DATE CODE
263E754GL 1.0 | Shleid Twive Ass'y o A | 12-1L4-6Y
142B1834P1 o 1 _J_1 Race Mount 11-18-64
142B1833P1 N0f 2 ﬁ Guter Sace 11-18-64]
1k231832P1 ol s Traer Huce 11-18-64
142B1797P1 pof 4 Washer A | 11-18-64
119C2760G1 hof 5 | sondeaser Shield - Rotating B | 1-4-65
142R1831G1 he r_ffl’ “ i Rack Drive Assly A 2-4-65
142B1826P1 ho1 611! | brive Serew 11-18-64
1428162751 hojcl2) | Pracket B | 2-4-65
142R1325P1 Noj 7 “'mrust Bearing 11-18-64
9u1D78751 Lo o T | tase ¢ | 6-21-65
142B1830P1 1¢| 9.._ IR T — 11-18-64
11072913P1 s 11-18-64
119C2921F] 12-17-64
142B1829P1 11-18-64
14281828P1 11-18-64
9L1LDT9LPL B | 6-21-65
119C2995G1 Pressure Metering System A 5-1-67
47014016061 1l " ht Mo tallic Jodat A | 10-3-66
263E826G1 12 Press Metering System A 4.-29-67
714016061 (1] 1 Bi-Metailic Joint A | 10-3-66
9L1DEY6GL .3 Piessure Metering System L1466
47c140160G1 il Pi-Metallic Joint A 10-3-66
9L1D892 hli Bus Bar L-14-66
2L2BIT5N .Y B Spe Cbl‘" 7-21-64
9h1LG93 X Bus Bar 4-14-66
142R1761P1 7 Tnsalator 8-26-64
119C2870G) na Cable Asa 'y 7-21-64 ]
142B1649 081 .’Tgnne-vmr v L-21-64
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PAGE 5 OF 6
ASSEMBELY TITLE Cowrosion Loop ASSEMBLY NO. 2L6RB9T
PROGRAM TITLE Advanced Refractory Alloy CONTRACT NO. NAS 3-6L4Th
ITEM DWG LEVEL ISSUE
No. | oORAwING NUMBER ;1 [2{3]4 DESCRIP TION/TITLE REV.| DATE |CODE
142B1650 N8| 2 Cunnector L-21.-64
119C2873 9 Cable Ass'y 7-21-6k ‘
1L42R1649 .8] 1 Connector 4-21-64 {
142B1650 N 8l 2 Connector 4.21-64
SK56131-326 P 0| Flectric Feedthru 12-8-63
142B1782 Pl Electric Feedthru A 12-17-64
SK56131~372 b2 Feedthru B | 4-14-66
263E760G1 P 3 Ass'y Shield Boiler Radiation 2-10-65
941D301G1 D3| 1 Ass'y Inner Cover 2-10-65
941079861 b3l 2 Ass'y Cover A | 2-10-65
941D7S7GL 23 3 Spider Cover A 2-10-65
9410800 P 3f 4 Ass'y Outer Cover A | 6-21-65
119C2926 L3l 5 Plate Bottom 2-10-65
1192927 23l 6 Shield Heat Radiation 2-10-65
142B1861 £3l 7 Rod Support B | 6-21-55
142B1862 P3| 8 Clevis ¢-10-65
14281860 P 3o Support 2-10-65
119C2992G1 DL Pressure Transducer Stressed Dia. 4-14-66
142R1839P1 oL 1 LVDT Coil B 6-7-66
119C2993F1 oUf 2 Cap L-14-66
119C2991G1 24 3 Body As;ry L -14-66
142B1863G2 24} 311 Diaphragm Ass'y A 4-14-66
165A5257PL o] 3|1 | 2| Diaphragn , h-1bo66 |
142B1371P1 bu| 3|2 Cap T y-1-66
142B1370PL Ll 313 Housing L-14-66
142B1952P1 oL 3|4 Body b-14-66
142B1951P1 Ll 3|5 Reducer L-14-66
941 D864 1 1[x Tube =14 ~66
142B1350 D5 Stud L-14-66
e e "CODE! [otritution: ]
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ITEM DWG LEVEL ISSUE
NO. DRAWING NUMBER 1v]2(3]4 DESCRIP TION/TITLE REV.| DATE |CODE
14281367 P6 Hex Fut - Special L-1L-66
1L2R1368 D7 Flat Washer - Special 4.1k -66
1L42Ri37H P8 Luge. Torsion Tube, EM Sump L-1k-66
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SEAMLESS TURING AND PIPE: T-11l1 (Ta~-6W-2Hf) ALLOY

DATE NO.

April 21,1971 BSOYA325
1. SCOPE
1.1. Scope. This specification covers T-1l1li alloy in tube and pipe form intended
for high-temperature structural application and alkali metal containment.
2, APPLICABLE DOCUMENTS
The latest revisions of the following documents apply.
2. 1. Government Documents None
2,2, Non-Government Documents
ASTM Designation EB Methods cf Tension Testing of Metallic
Materials
ASTM Desigraticn E29 Recommended Practices for Designating
Significant Places in Specified Limiting
Values
ASTM Designation E112 Estimating Average Grain Size of Metals
AS™ Designation E195 Methods for Chemicsl Analyais of Reactor
and Commercial Cociumbium
GE Specificstion P10DYAll Qualification of Vacuum Furnaces for Annealing of
Cb-1Zr and T-111 (Ta-8W-2Hf) Alloys
AMS 2635 Radiographic Insdpection
GE Specification "3CYAl7 Fluorescent Penetrant Inspection
GE Specification P3AYAlS Ultrasonic Method of Inspection
GE Specification P4AYA20 Chemical Cleaning of Columbium, Tantalum,
and Their Alloys
GE Specification P4AYAZ21 Chemical Removal of Nonrefractory Metallic
Contamination from Columbium, Tantalum,
and Their Alloys
3. REQUIREMENTS
3.1. Vendor Quotationa. Vendor quotations will state that the material quoted will
be produced in accordance with this specification.
3.2, Manufacture. Material covered by this specification shall be made froe ingots

which have been vacuum meltei by the electron beam (preferred but not mwandatory)
followed by double consumable electrode arc melting processes. Breakdown opera-
tions shail pe performed with conventional extrusion, forging, tube reducing,
and drawing equipmint normally found in primary ferrous and nonferrous plants.
When cannirg 18 used as a means of protection, mild ateel is the recommended
material to temperatures up to 2300°F, and above 2300°F molybdenum canning 14
recommended.
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DATE NO.
SEAMLESS TUBING AND PIPE: T-111 (Ta-8W-2Hf) ALLOY B50YA325
April 21,1971

108,

N

3.3. Processing. The starting stock size, processing temperature, percentages of
reduction, in-process annealing temperatures and times shall be selected by
the vendor to achieve the grain size range specified in paragraph 2.6. and
mechanical properties specified in paragraph 3.7. The total smount o! reduction
from the turned ingot to the final product shall exceed 73%, and the amount of
final reduction for each mill product (i.e., the reduction imparted betwaen the
final in-process recrystallization anneal and the final heat treatment) shall
exceed 30%. After the final reduction, the final product shall be given
a final vacuum anneal for one hour at a temperature of 3000°F % 25°F. The
amount of total reduction and final reduction shall be reported for each mill
product in the certificate of compliance.

3.4, Condition.

3.4.1. General. The finished product will be supplied in the recrystallized condition
throughout the cross sectional area to the grain size range specified in
parcgraph 3.6.
CAUTIONS
Avoid contact between T-111 alloy and copper, nickel, or their alloys except for
the copper crucibles used for melting.

Cutting with a cutoff wheel should be avoided if possible. If this operation is
required, a gilicon carbide wheel (Allison C120-K-RA) must be used. Alumins
cutoff wheels should never be used.

3.4.2, Cleaning Prior to Heat Treatment. All material should be cleaned per GE Speci-
fication P4AYA”l followed by cleaning per GE Specification P4AYA20 prior to
in-process or final heat treatment. Also, all material undergoing a strajghteaing
operation following final annealing should be cleaned per GE 8pecificatien P4AYAZ]1,

3.4.3. Qualification of Furnaces. Any vacuum furnace to be used for either in~process
or final annealing of T-111 must be qualified as explained in GE Specification
P10DYAll to minimize the possibility of contamination.

3.4.4, Heat Treatment. All annealing shall be carried out at pressures of less than
1 x 10-2 torr. All mill products to be annealed shall be thoroughly degreasad,

chemically cleaned per 3.4.2, and protected from furnace parts by a layer of fresh
Cb-1Zr (preferred) Ch-1Zr, tantalum or columbium foil 0,002-inch thick or greater.

If foil is used for nrotective wrappiug of material to be heat treated, tantalum or
Cb-1Zr wire should be used whenever nossible for securing of the foil wrap

about the material. If spot or tack welding 1s used for attaching the foll,
a molybdenum electrode shall be used and welding contact points shall be at

a double thickness of the wrapping material. The ground clamp shall alse be
a refractory metal or alloy. The use of a copper electrode for spot or tack
welding is not permissible. The welding electrode should not come in direct
contact with the material or component being prepared for anneal.

When annealing is carried out at pressures greater than 1 x 10 5 torr, with the
prior approval of the purchaser, all mill preducts shall be enclesed in a
chemically cleamed Cb-1Zr slloy, tantalum, or columbium retort or wrapped in

a minimum of twe layers of fresh Cb-1Zr alloy, tantalum, or columbium foil
0.002 inch thick or greater, The conditions of final annealing shall be
reported in the certificate of compliance.
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DATE NO
é SRAMLESS TUBING AND PIPE: T-111 (Te-8W-2Hf) ALIOY April 21,1971 B50YAS2S
3.4.5. Contamination. All items are to be free of surface contamination or internal

oxidation. After final heat treatment, the material shall be examined metallo-
graphically for evidence of poskible contamination caused by unsatisfactery
heat treating atmospheres or processing ocemditions. A microhardness traverse
shall show a hard. 288 not greater than B YHN from the center to the surface

of a cross sectional sample of the final product. At the discretion of the
purchaser, samples taken toc include at least one surface of the final product,
and not exceeding 0.050 inch thick, may be chemically analyzed by the purchaser
for oxygen, nitrogen, hydrogen, and carbon. .The analyses shall not exceed the
limits sot forth in paragraph 3.5.2. Any indication of contamination shall bde
cause for rejection of all material represented by that sample. The material
shall be acceptable if the contaminated layer is completely eliminated before
shipment by a machining operation within the specified dimensions and tolerances.

3.5. Chemical Compoeition

3.5.1. Ingot/Billet Composition, The chemical composition of ingots or billets for cea-
version te finished products ahall Se analyzed and muet conform to Table I
(page 5). A minimum of four analyses shall be obtained as follows: ingot-top-
center, top-mid-radius, and tapedge, and ingot bottom—conter. Duplicate analyses
are required for carbon, oxygen, nitrogen, and hydrogen of each location. See
paragraph 5,4.1,3, for permissible variastions,

3.5.2. Final Production Composition. At the cdiscretion of the purchaser, final productas
mar be analyzed to determine the metallic elements st ted in Table I. Failure
of the analytical results to conform with the requirementa of Table I shall be
cause for rejection of all material represented by the analytical sample. If,
at the discretion of the purchaser, the final products are not anulyzed for
metallic elements, the manufacturer's ingot analysis in accordance with paragraph
3.5.1. shall be considered the chemical analysis for the metallic elements o2
products supplied under this specification. In all cages, duplicate determinations
of the elements, carbon, oxygen, nitrogen, and hydrogen shall be performed. Ths
individual values ohtained must satisfy the criteria for permissible variatioms
described in paragraph 5.4.1,3, and the average of the values satiafying these
criteria must not exceed the limits listed below.

Final Product Concentration Limits, ppm

For ¥all Thicknesses For Wall Thicknesses
0.020" or Greater less Than 0.030"
Element Max. Max.
Carbon 50 75
Oxygen 150 200
Nitraogen 75 100
Hydrogen 10 10
3.6. Grain Size. The graln size of the final products shall be wmeasured and must

conforms to the following limits:

285




A » A A 1

13

Page ot

DATE NO.

April 21,1971 | BS0YA325

3EAMLESS TUBING AND PIPE: T~111 (Ta-8W-3Hf) ALLOY

NS 10R 1

TABLE I
CHEMICAL COMPOSITiON
T-111 (Ta-8W-2H1) ALLOY

Minimum Concentrstion Maximum Concentratioa

Element ppm PP®
Carbon ~ 40
Oxygen - 100
Nitrogen - 50
Hydrogen - 10
Columbium - 1000
Zirconlum - 500
Molybdenum - 500
Chromium - 200
Cobalt - 350
Iron - 50
Copper - 50
Nickel - 50
Vanadium - 20
Silicen - 20
Manganese - ' 20
Tungsten 7.0 w/o 9.0 w/o
Hafnium 1.8 w/o 2.4 w/o

Tantalum Remainder -
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DATE NO.

SEAMLESS TUBING AND PIPE: T-111 (Ta-8W=2Hf) ALLOY ‘
April 21,1971 | B30YA323 i

|
Allowable Spread
Product Wall Minimum Allowable in ASTM Grain Size Miniwum Percent '
Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Recrystsllizatic:

lLess than 0.010 7 2 100
> 0,010 to 0.065 6 2 100
> 0.0b5 to 0.125 5 2 100
> 0.125 to 0.250 4 2 95
2 0.250 to 0.500 3 3 90

2.7, Mechanical Pruperties. The final product shali satisfy the following mechanical
property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples of the mrterial in 1
final form shall be tested in tension at room temperature (65° - 83°F) and must i
meet the following property limits:

Ultimate Tensile 0.2% Yield
Strength, ksl Strength, ksi ElongauunI l(l) :
|
Minimum Maximum Minimunm Meximum Mirimum ;
80 110 65 100 o |
m % Elongation in 4D for threaded or buttonhead test specimens; in 1 inch
for flat specimens.
3.7.2. Stress-to-Rupture Tests,

3.7.2.1. Test Requirements. Representative samples of the material in fipal form shall be
stress—-rupture tested under the following conditions and must have the rinimum
stresa-rupture life shown., For the test redqults to be valid, the samples must
satisfy the environmental contaminatinn criterim of paragraph 3.7.2.2.

Minimum Life

Tust Temp., °F Stress, kst Hoeurs
2400 10 20
3.7.2.2. (ol i.ation Chem! a1 analysis of stress-rupture specinmens

after test shall d¢monstrate that the degree of environmental contaminu.tion
did not exceea the tollowing ilmits.

Maximum Allowable Ircreasd
iB—COncentfatiﬁq_nf [mpurities, ppm

Carbon 20
Gxygen 35
Nitroyen 20
Hydrogen ¢

The maximum allowable increase in the conceniration of a given intersiitial
element shall oe the iifference between the average «~ncentration of each
element in the stress-rupture speclmen after testing and the average concen-
tration of that element in the final product from which the stress-rupture
sample was taken. 7The average concentration shail be bated on the average
of duplicste analytlcal results. Permissible variations in snelytical
results sre described in paragraph 5.4.1.3.
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OATE NO.

SEAMLES® TUBING AND PIPE: T-111 (Ta=-8W-2Hf) ALLOY Anril 21,1971 B50YA3?5

3.7.3.

3.7.4.

3.8.

3.8.1.

3.8.2.

3.8.3.

4,

4.1,

4.2,

Hydrostatic Test. Each tube, 1/8 -inch or larger in outside diameter with a wall
thickness of 0.015-inch or less, shall be tested to a hydrostatic pressure
sufficient to product a hoop scress of 50,000 psi. ’he test pressure, not to
exceed 10,060 psi, shall be determined by the equation (P = 2 St/D), vwhere:

P = hydrostatic test pressure in pounds per square inch;
S = 50,000 psi;
t = average wall thickness ol the tube in inches;

D = outside Jiameter of the tube in inches.

The test pressure shall be held for a minimum of 5 seconds. After testing,
the tubing shals show no bulges, leaks, pinholes, cracks, or other defects.

Flare T 3t. A section of the heat treated tube shall be flare tested withou®
cracking., The flare shall be made with a tool having a 60-degree included
angle until the specified outside diameter has been increased by 20 percent,

Tolerances

Diameter and Wall Thickness., The permissible variations in diameter and wall
thickness of tube shall not exceed those prescribed in Table II (refer to page
8).

Length. When tube 18 ordered cut-to-length, the usable length shell not be
Tess than that specified, but a variation of plus 1/8-inch will be parmitcted
in lengths up to 6 feet, In lengths over 6 feet, a variation of plus 1/4-inch
will be perritted, unless otherwise specified.

Straightness. The tube shall be free of bends or kinks. For lengths up to

10 feet, the maximum bow shall not exceed one part in 1200; for lengths greater
than 10 feet, the maximum bow shall not exceed one part in 600; unless other-
wise agreed upon.

MAXIMUM ALLOWABLE DISCONTINUITIES

General. Cracks, laps, seams, fins, and tears shall be unacceptable, The
surface shall also Le free from oxide or scale of any nature, grease,oil,
residual lubricants, or otner sxtraneous satsrial,

Porosity and Inclusions. Porosity or inclusions with dimemsions greater than

3% of the wall thicknese or 0.005-inch, whichever is smaller, shall be unaccep-
table with a minimum rejectable indication of 0,001-inch. Porosity or
inclusions with dimensions in the range of 1% to 3% of wall thickness must be

a minimum of 0.5-inch apart. Porosity or inclusions with dimensions less than
1% of the wall thickness must be a minimum of 0.12-irch apart.
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snothe purthade order, c.x., sut=iqe oiameter and wall; inside
dismeter and wall; outside diameter en lndide diameter.

{(2) For tolerances nppiics’ e far very small tubes (less than
0.187—inch-diameter) 0 iryv thin-wall tubes (less than
0_010-in ~thick), *ro peoascel ahall ne consulted,

(3) For tubes o lig an 1t dtlameter [ess than uv0% of the outaide
drametesr ©1 o2 waill v i.ci o1 .er thick, which csunot be
gucceeRs ol iy draw Ve “an< -1, the insice diameter may vary
bv an amc i ¢ ras Lo pias or ooaus 10% of the wall thickness.
The wall ‘L ickneds ol . hySe *uhes may vary plus o1 minus 13,5%
from 'nat specitied,

(4) Ovality meag=urcd ut 4y «ross <o tion: For tubes with nominal
wall thicsneas less thui 3% ot :he nominal outside diameter, the
ovality tolerances aure doulile the telerances in coluan 2 or 3,
For ovality talerar.e o tunes with wali thiekness less than
2% ner.inal outside aiamecer, the preducer shall be censulted.
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R DATE NO.
- SEAMLESS TUBING AND PI1PE: T-111 (Ta-8W-<H1) ALLOY April 21,1671 B50YA325
TABLE 11
’ ' PIRMioS1EIE VARIATIONS 15 TUBE DIMENSTONS
. Wall
Nominal OD, Inches 0, Inch ID, Inch Thickness, % ]
0.187 to 0.625 + 6 D04 i 0.004 t 10
’ > 0,625 to 1.000 t 0,003 t 0,005 t 10
> 1,000 ¢t 2.000 0.0075 * 0.00675 t 10
> 2.000 to 3.000 + 0.010 + 0.010 1 10
> 3.000 te 4,000 * 0.00125 0.012¢ t 10
NOTES: .
(1) Telerances are .ppiicut le - nouly the two dimensions specified
3
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4.3,

5.

5.1,

5.2,

5.3,

Surface Rework. All surface pores, gouzes, cracks and other defects deeper than

005<i:nch or 3% of the wall thickness, which:ver is smaller, are unacceptable,
Defects may be removed by grinding provided the wall thickrness is not decreased
below that permitted in Table II (refer to page 8). Grinding should be done with
either silicon carbide paper or a silicon carbide grinding wheel. Complete
removal of surface defects must be assured Ly a final swab pickle (to remove
smeared metal) with T-111 alloy pickling solution (GE Specification PAAYA2G)
followed ty fluorescent penetrant inspection of the ground area. The defect can-
not be ccnsidered as being removed until no bleed back of penetrant can be
detected following grinding and picl ling.

QUALITY ASSURANCE PROVISIONS

Vendor Respons:bility. The manufacturer shall make all tests and inspections of
the material corered by this specification before shipment unless otherwise speci-
fied. All test and inspection results shall be furnished to the purchaser.

Customer Review. General Electric 18 to receive advanced notification of all
non—proprietary melting, elevated temperature (greater than SO0°F) proceesing
operations, testing and nondestructive inspection and is to have *“e privilege
of witnessing said operations. The manufacturer shall give the purchaser ample
notice of the time and place of designated tests. If the purchaser's represem-
tative is nor present at this time and a new date is not set, the requirement of
purchaser’s inspection at the place of testing is waived. When the purchaser's
representative is present at the appointed time and place, the manufacturer
shall afford him, without charge, all veasonable facilities to assure that the
material {s bheing furnished in accordance with this specification. This inspec~
tion shall not interfere unnecessarily with production operation.

Sample Selection, Care shall be exercised to insure that the sample sele ‘ed
for testing 1is representative of the material and uncontaminated by the sampling
procedure, Samples for the determination of mechanical properties shall be
selected 8o ar to consume a minimum amount of material, i.e., specimens may be
taken transverse to the final working direction from plate and sheet and from
strip 1f of sufficient width, If there is any question about the sampling
technique or the analysis, the methods for sampling and analysis shall be those
agreed to by the buyer and seller. The aspecimen configuration selected for
the performance of the testing required in paragraph 5.4,2, and 5.4,3, shall be
mutually agreed upon by the vendor and purchascr prior to placement of a pur-
cnase order. The location of all test samples shall be reported in the certi-
ficate of compliance.

Test Methods

Chemical Analyses

Test Procedures. Chemical analyses shall be conducte. by mutually acceptable
ﬁ;BE;EG}es, such as the vacuum fusion methods for gases, the combustion wmethod
for carbon, and spectrochemical methnds for metallic elements, Disputes shall
be settled by accepted referee methods, such as the AST™ Designation E195,
“Methods for Chemical Analysis of Reactor and Commerical Columbium.” Specificslly,
the combustion/conductometric method for carbon; the vacuum fusion method for
oxygen and hydrogen; the micro-%jeldahl method tor nitrogen or the carrier |
gas fusion method for nitrogen and oxygen; the emission spectrographic methods
for metallic impurities:; the X-ray fluorcscence method (using a briquette
prepared from the fully oxldized sample) for tungsten; and the colorimetric
or atomic ahsorption method for hafnium. The analytical techniques to be
used shall be mentioned in vendor quotations,

290
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5.4.1.2. Check Anslyses. Check analyses (see paragraph 7.3.) may be performed by the
buver st his discretien and must cenfirm that the impurities are within specified
T.mits. Referee (see parasgraph £ Z.) zralyases shall be used to resolve disputes
arising frem differences in vendor and bLuyer aaalyses.

5.4.1.3. Permissible variations in Analytical Hes1ts, Results of analytical deter-
minations for the interstitial elements, :.xygen, carbon, hydrogen, or nitrogen,
must be within the permissible renge indicated below:

Average Conceatration of a Given Permisasible Variation from the Average
Intersiitial Element, ppm ___of Duplicsate Analytical Results
0-10 t 80%
' 11-40 £ 40%
41-100 + 20%
101-150 t 18%
151-1000 + 10%

In the event that the values are not acceptable, &n additional duplicate
snalysis shall be performed. All values obtained (eriginal duplicate plus
second duplicate) shall be averaged anc Lhe permissible variaions criteria
applied. The average of all acceptarle vilues, twe minimum, shall be used 1in
determining the average concentratio:..

5.4.2. Tensile Test, The temsion test shall be -onducted in accordamce with ASTH
Designaticn ES8, 'Methods of Temsion Testing of Metallic Materisls.” Yield
strength shall be determinec by the ffset (60.2%) metnoc. The tenmsile prepertiass
shall be Cetermined using a Strain ~atv /1 0.005 inch per inch per minute up
to 0.6% oftset and then 0.05G inch, plds or minus 0.0Z0 inch, per inch per minute
to fracture,

5.4.3. Stress-Rupture Test, Stress-rupture properties of specimens shall be determined
by mutually acceptable testing tcchnigues. Suggested testing techniques for
determining stress-~rupiure propertles are:

-6
Specimens shali he tested . p:essures of 1 x 10 terr or less.
T ~ vacuum system shall incoiporate an optically tight liquid
nitrogen cola trap or 4 get' ¥ ivi pump.
Specimens shall he helu 4+ o huif heur at the test temperature
hefarce application of Jewd,
Test temperature shall bLe saintained at plus or minus 10°F during
the test.
5.4.4. Grain Sice. Graln size determinatiy shiull he wade according to ASTM Speci-
Tication E112, 'Betimating the Averay: Cratrn Size of Metals.
5.5 Number of Tests Required on Figgl Troduct
Sc5.1, Destructive Evaluaticn, Representative test specimens frow the finishad product
Tepresenting each ingot and each lot of material shall be tested to determine
conformity to this specification. The mininus frequency of thase tests shall de:

- ()121(;IPQ)\I; PA
g OF POOR QUALITY
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N

Interstitial (Carbon, Oxygen, Hydrogen, Nitro
two per lop per ingot.

gen)—Aﬁlif;e; - 3
See paragraph 3.5.2.
Sea paragraph 3.5.2.

Hafnium Analyses - one per lot per ingot. 1

Tensile Test - two per lc* per ingot. See paragraph 3.7.1.

Stress-Rupture Test - two per lop per ingot. See paragraph 3.7.2.

Flare Test — two per lot, Per Inpct See paragraph 3.7.4.

Grain Size - two per lot per ingot

(One longitudinal and one transverse) See paragraph 13.6.

Microhardness Traverses — one per lot per ingot. See paragraph 3.4.5.

The followinj nondestructive inspections shall be
s unless otherwise specified:

i
3
1
:
i
1
,
;
i
|
;
1
!
i

5.5.2. Nondestructive Evalu-tion.
performed 100% on all final product

L v 02'
Ultrasonic Inspecticn. See paragraph 5.7.1

Fluorescent Penetrant Inspection. See paragraph 5.7.1.3.

Hvdrostatic Proof Test See paragravh 3.7.3.

5:6.1. Surface Contamination. Any sample or specimen exhiviting obvious surface con-

tamination or improper preparation which disqualifies it as a truly representative
sample shall be replaced with a new sanple.

5.6.2. Rework. If inspection and test results of a lot do nol conform to the require-
ments oi this specification, the lot may be reworked at the option of the
manufacturer. The lot shall bhe acceptable if all test results, after rewerking,
conform to this specification,

5.7. Inspection,

5.7.1. Methods of Taspection

5.7.1.1. Radiographic. When specitied, the procact shail be racdionraphed and found free
of porosity and inciusions as specifiled 1o paragraph 4.2, using the techniques
described in AMS 2635, "kadxngraphir In<pection.  The radiographs and product
shall be identiiied so that the exact position of each radiograph can be

correlated with the specific area on a particular product.

5.7.1.2. Ultrasonic Inspeciion, Gnless ctherwise agreed to hy the purchaser and the
vendor, final products shall be 100% inspected ultrasonically in accordance
with GE Specification P3AYAlS, "Ultrasonic Method of Inspection,” using a
3% notch criteria. Jitrasonic indications having rny of the following three
descriptions are consiaervd rejectabiie and ceuld be cause for rejection of
the entire piece in which the indication appears:

290
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NG Ine)

- 1. The amplitude of an ultrasonic signal from the material is = 80X of full
screen,

2. The amplitude of an ultrasonic signal from the material is 25% to 79% of
full screen and the signal response indicates the source of the signal ie
1/8-inch long.

3. Two ultrasonic signals having amplitudes 25X which emsnate from sources
which are within 1/4-inch of each othet.

5,7.1.3. Penetrant Inspection. The exterior surface of products shall be 100X penetrant
Inspected and found free of flaws as specified in paragraphs 4.1 and 4.3 using CE
Specification P3CYAL17, "Fluorescent Penetrant Inspection,” (Magnaflux
penetrant ZL-22A shall be used). All parts thus inspected shall be marked
with ink stemps as described in the specification; impression stampings or
etching shall be unacceptable.

5.7.1.4. Reports, The manufacturer shall supply at least three copies of GE-NSP
Material Test Summary" forms for each lot of material in place of or in
addition to standard vendor test certification forms. The "Materisl Test
Summary”’ forms summarize all test information required by this spesifieation.
Copies of the forms will be supplied to the vendor by GE-NSP.

5.8. Rejections., To be handled in accordance with the Rejections Article of the
Conditions of Purchase which sppear on the reverse side of the Purchase Order
Form.

5.9. Referee. If the manufacturer and the parchaser disagree concerning the cen-

formance of the material to the requirement. of this specification or any

special test specified by the purchaser, a mutually acceptable referee's test

shall be used to determine conformance. In the event that a referee camnot be
mutually agreed upon, the General Electric test results will prevail in determin g3
the acceptability of the material.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, hox, or carbon shall be legibly and conspicuously
marked or tagged with the number of this specification, purchase order, or
contract number, type, ingot number, lot number, nominal size, and the gross,

net, and tare welghts. When each bundle, box or carbon consists of components
from more than one ingot number or lot number, each component shall be idantified
individually.

6.2. Packing. The ends of cach pipe or tube shall be sealed with suitable plastic

caps and each individual item shall be wrapped in heavy gauge polyethylene
or aimilar material and packed in a manner assuring safe delivery when preperly
transported by a common carrier.

. * ?;\Gﬁﬁ'ﬁs
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7. DEFINITIONS

7.1. Lot. A lot shall include all material of the same size, shape, condition,
and finished from one heat of material and which has received the same processing,
has been annealed in the same vacuum annealing charge, and has been processed
simultaneously 1in all operations in which temperatures may reach 500°F or above.
When process temperatures and environments are closely controlled or when closely
adjacent sizes receive similar processing, lots may be combined for chemical,
tensile, and stress-rupture tests only, provided prior written approval has
been obtained from the General Electric Company.

7.2, Check Analysis. A check analysis 1s an analysis in addition tc the certificated
analysis. It shall be perforwed by the purchaser of the metal, his designated
agent, or the referee in case of dispute (sve paragraph 5.9.). Permissible
variations in the analytical results of the check analyses must conform to those
described in paragraph 5.,4.1.3, These variations allow for a meximum gcatter of

alytical data from a specific sample for the given element under reproducible
analytical conditions.

7.3. Significance of Numerical Limits. For determining compliance with the specified
1imite for requirements of the properties listed below, an observed value or
a calculated value shall be rounded off using the rounding-off{ method in ASTM
Designation E29, "Recommended Practices for Designated Significant Plesces in
Specified Limiting values.'

Rounded~0ff Unit “ox

Test Observed or Calculated Value
Chemical Composition and Dimensional Nearest Unit in the Last Right-
Tolerances (When Expresscd Decimally) Hand Place of Figures of the

Specified Limit

Tensile Strength Nearest 100 psi

Elongation Nearest 1%

Rupturc Life Nearest 0.1 Hour
294
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SEAMLESS TUBING AND PIPE: T-111 (Ta-8W-2Hf) ALLOY

DATE NO.

April 21,1971 B50YA325

SCOPE

Scope. This specification covers T-111 alioy in tube and pipe forw intended
for high-temperature structural application and alkali metal containment,

APPLICABLE DOCUMENTS

The latest revisions of the following documents apply.

Government Ducuments. None

Non-Government Documents

ASTM Designation E8 Methods of Tension Testing of Metallic
Materials

ASTM Designation E29 Recommended Practices for Designating
Significant Places in Specified Limiting
Values

ASTM Designation E112 Estimating Average Grain Size of Metsls

AST™ Designation E195 Methods for Chemical Analysis of Reactor

and Commercial Columbium
Qualification of Vacuum Furnaces for Annealing of

Cb-1Zr and T-.1! (Ta-8W-2Hf) Alloys
AMS 2635 Radiographic ingpection

GE Specification P10DYAll
GE Specification P3CYAl7 Fluorescent Penetrant Inspection
GE Specification P3AYAlS
GE Specification P4AYA20

Ultrasonic Method of Inspection

Chemical Cleaning of Columbium, Tantalum,
and Their Alloys

Chemical Removal of Nonrefractory Metallic
Contamination from Columbium, Tantalum,
and Their Alloys

GE Specification P4AYAZ2l

REQUIREMENTS

Vendor Quotations. Vendor quotations will state that the material quoted will
be produced in accordance with tnis specification,

Manufacture. Material covered by this specification shall be made from ingois
which have been vacuum melted by the-electron beam (preferred but not mandatory)
followed by doubie consumable electrode arc melting processes. Breskdown opera-
tions shall be performed with conventional extrusion, forging, tube reducing,
and drawing equipment normally found in primary ferrous and nonferrous plants,
When canning is used as a means of protection, mild steel is the recommsaded
material to temperatures up to 2300°F, and above 2300°F molybdenum canning 18
recommended.
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3.3.

3.4.2.

Processing. The starting stock size, processing temperature, percentages of
reduction, in-process annealing temperatures and times shall be selected by

the vendor to achieve the grain size range apecified in paragraph 3.6. and
mechanical properties specified in paragraph 2.7. The total amount of reduction
from the turned ingot to the final product shall exceed 75%, and the amount of
final reduction for each mill produc: (i.e., the reduction imparted betweer the
final in-process recrystallizaetion anneal and the final heat treatment) shall
exceed 30%. After the final reduction, the final product shall be given

a final vacuum anneal for one hour at s temperature of 300C°F % 25°F. The
amount of total reduction and tinail reduction shall be reported for each amtll
product in the certificate of compliance.

Condition.

General, The finished product will lLe suppliecd in the recrystallized condition
throughout the cross sectional area to the grain size range specified in
paragraph 3.6.

CAUTIONS
Avoid contact between T-11l1 alloy and copper, nickel, or their alloys except for
the copper crucibles used for melting.

Cutting with a cutcff wheel shculd be asvoided if possible. 1If this operation is
required, a silicon varbide wheel (Aliison C120~-K-RA) must be used. Alumina
cutoff wheels should never be used.

Cleaning Prior to Heat Treatment. All material should be cleaned per GE Speci-
fication P4AYA21 foll-wed by cleaning psr GE #pecification P4AYA20 prier to
in-process or final neat treatment. Also, sll material undergoing a straighteming
operation following final annealing should be cleaned per GK S8pecificatien P4AYAZL.

Qualiffcation of Furnuces. Any vacuum lurnsace to be used for either in-process
or final annealing of T-111 must be quulified as explained in GE Spicification
P1ODYAll to minimize the possibility of contamination,

Heat Treatwent. All annealing shall be carricd out at pressures of less than
1 x 10’5 torr. All mill products to be annealed shall be thoroughly degreased,

chemi-ally cleaned per 3.4.2. and protected from furnace parts by a layer of fresh
Co-17Zt (preferred) Cb-17r, tantalum of coluubium foil 0,N0¢-inch thick or greater.

Lf foil is used for nrotective wrapplop of material to be heat treated, tantalum or
Ch-1Zr wire should be use!l <henever pessible for securing of the foil wrap

ahout the material. If spot or tack welding {8 used for attaching the foll,

a molybdenum electrode ghall be used and weldlng contact points shall be at

a double thickness of the wrapping material. The ground clamp shall alse be

a refractory metal or alloy. The use ol a copper electrode for spot or tack
weld’ng is not permissible. The welding electrode should not come in direct

contact with the material or component being prepared for anneal,

When annealing 1S carried oul at pressares gieater than 1 x 10 5 torr, with the
prior ~pproval of the purchaser, all mill preductd shall be enclosed in a
chenically cleamed Cb-1Zr alloy, tantls uam, o¥ columbium retort or wiapped in

a minimum ef twe layers of fresh Ch-1Zv alloy, tantalum, or coluabium foll
0.002 inch thick or greater. The conditions of final annealing shall be
reported in the certificate of compliance,

.o Qg

PR QUALy




Page 4 of 13

DATE NO.
é SEANLESS TUBING AND PIPE: T-111 (Ta-8W-2Hf) ALIOY April 21,1971 BSOYAS2S
3.4.5. Contamination, All items are to be free of surface contamination or interaal

oxidation, After final hest treatment, the material shall be examined metallo-
graphically for evidence of possible contamination caused by unsatisfactery
heat treating atmospheres or procesasing oemditions, A micrebardness traverse
gshall show a hardness not greater thsr 38 YHN from the center to the surface

of a cross sectlonal sample of the final product. At the discretion of the
purchaser, samples taken to include at least one surface of the final product,
and not exceeding 0.050 inch thick, may be chemically analyzed by the purchaser
for oxygen, nitrogen, hydrogen, and carbon. The analyses shall not exceed the
limits set forth in paragraph 2,5.2, Any indication of contamination shall be
cause for rejection of all material .epresented by that sample. The material
shall h2 acceptable if the contaminated layer is completely eliminated before
shipment by a machining operation within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots or billets for con-
version te finished products shall be analyzed and must conform to Table I
(page 5). A minimum of four analyses shall be obtained as foliows: ingot-top-
centur, top-mid-radius, and topedge, and ingot bottom—center. Duplicate analyses
are required for carbon, oxygen, nitrogen, and hydrogen of each location. See
paragraph 5.4.1.3. for permissible variations,

3.5.2. Final Production Composition, At the discretion of the purchaser, final products
may be analyzed to determine the metallic elements stated in Table I. Failure
of the analytical results to conform with the requirements of Table I shall be
cause for rejection of &all material represented by the analytical sample. If,
at the discretion of the purchaser, the final products are not analyzed tor
metallic elements, the manufacturer's ingot analysis in accordance with paragraph
3.5.1. shall be considered the chemical analysis for the metallic elements of
products supplied under this specification. In all cases, duplicate determinations
of the elements, carbon, oxygen, nitrogen, and hydrogen ghall be performed. ‘fhe
{ndividual values obtained must satisfy the criteria for permissible varistions
deseribed in paragreph 5.4.1.3, and the average of the values satisfying these
criteria must not eyceed the limits listed below.

Final Product Concentration Limits, ppu

For Wall Thicknesses For Wall Thicknesses
0.020" or Greater Less Than 0.020"
Element Max. Max.
Carbon 50 75
Oxygen 150 200
Nitrogen 75 100
Hydrogen 10 10
3.6. Grain Size. The grain size of the final producta saall be measured and must

conform to the following limits:
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TABLE I
CHEMICAL COMPOSITION
T-111 (Ta-8W-Z2Hf) ALLOY

Minimwum Conceatratica Maximum (oncentratios

Element ppm__ . PP
Carbon - 40
Oxygen - 100
Nitrogen - 50
Hydrogen - 10
Columbium - 1000
Zirconium 500
Molybdenum - 500
Chromium 200
Cobalt 50
Iron 50
Copper - 50
Nickel - 50
Vanadium - 20
Silicen - 20
Manganese Z0
Tungsten 7.0 v/0 9.0 w/o
Hafnium 1.8 w'e 2.4 w/o

Tantalum

Remaluder

Y
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: Allowable Spread
Product Wall Minimum Allowable in ASTM Grain Size Minimum Percent

Thickness, Inches ASTM Grain Size No. Nos. in Any Cne Item Recrystallizatioen
Less than 0.010 7 2 100
> 0,010 to 0.065 6 2 100
> 0.065 to 0.125 5 2 100
> 0.125 to 0.250 4 2 95
2 0.250 to 0.500 3 3 90

3.7. Mechanical Properties. The final product shall satisfy the following mechanical
property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples of the matorial in
Tinal form shall be tested in tension at room temperature (65° - 85°F) and must
meet the following property limits:

Ultimate Tensile 0.2% Yield Qa
Strength, ksi Strength, kai E‘.ongntionl % )
Minimum Maximum Minimum Maximum Minimum
80 110 65 100 20
m 9 Elongation in 4D for threaded or buttonhead test specimens; in 1 inch
for flat specimens.
3.7.2. Stress-to-~Rupture Tests.

3.7.2.1. Test Requivements. Representative samples of ihe matertal in final form shall be
atress-rupture tested under the following conditions and must have the minimum
stress-rupture life shown., For the test results to be valid, the samples must
satisfy the environmental contamination criteria of paragraph 3.7.2.2,
Minimum Life
Test Temp., °F Stress, ksi Hours

2400 19 20

3.7.2.2. Eoyvironmental Coptamination, Chemical analysis of stress-rupture specimens

after test shall domonstrate-that the degree of environmental con”amination
did not exceed the foilow.ng ilimits.

Maximum Allowable Increase
in Concentration of Impurities, ppm

Carbon 20
Oxygen 35
Nitrogen 20
Hydrogen 4

The maximum allowab'e increase in the concentration of a given interstitial
element shall be tre difference between the average concentration of each
element in the stcess-rupture specimen after te@sting and the average coaven-
tration of thac element in the final product from which the stress—rupture
sample was taker. The average concentraiion shall be bases on the average
of duplicate analytical results, Permissible variations in analytical
results are described in psaragraph 5.4.1.3.

300
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3.7.3.

30744,

3.8.
3.8.1.

3.8.2.

3.8.3.

4.1,

4.2,

Hydrostatic Test. Each tube, 1/8-inch or larger in outside diameter with a wall

thickness of 0.015-inch or less, shall be tested to a hydrostatic pressure
sufficlent to product a hoop stress of 50,000 psi. The teat pressure, not to
exceed 10,000 psi, shall be determined by the equation (P = 2 St/D), vhere:

P = hydrostatic test pressure in pounds per square inch;

S = 50,000 psi;

t = average wall thickness ot the tube in inches;
D

= outside diameter of the tube in ifuches.

The test pressure shall be held for a minimum of 5 sezonds, Afze- testing,
the tubing shall show no bulges, ieaks, pinholss, cracks, or other defecte.

Flare Test., A section of the heat treated tube shall be flare tested without
cracking. The flare shall be riade with a toul having a 60-degree included
angle until the specified ontside diameter has been increased by 20 percent.

Tolerances

Dismeter and Wall Th #8. The permissible var’ations in diameter and wall
thickness of tube shall not exceed those prescribed in Table II (refer to page

8).

Lengta. When tube is ordered cut-to-iength, the usable length shall not be
less than that specified, but a variation of plus 1/8-inch will be permitte!
in lengths up to 6 feet, In lengths over 6 feet, a variation of plus 1/4-inch
will be permitted, unless otherwise specified,

Struightness. The tube shall be free of bends or kinks. For lengths up to
10 feet, the maximm bow shall not exceed one part in 1200; for lengths greater
than 10 fret, the maximum bow sha'l not excced one part in 600; unless other—

vise agreed upon,
MAXIMUM ALLOWABLE DISCONTINUITIES

General. Cracks, laps, seams, fins, and tears shall be unacceptable, The
surface shall also be free 7rom oxide or scale of any nature, grease,oil,
residual lubricants, or other extrancous matsrial,

Porosity and Inclusions. Porosity oc inclusiouns with dimemeions greater than
Y of the wall thickness ur 0.005-inch, whichever is msaller, shall be unaccep-
table with a minimum rejectable indication of 0.001-inch. Porosity or
inclusions with dimensions in the range of 1% to 3% of wall rhickness must be

a minimum of 0.5-inch apart. Porosity or inclusions with dimensions lass than
17 of the wall thickness muat be a minir'm of 0.12-inch apart.

301
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TABLE I1I

PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

Nominal MD, Inches 0D, Inch ID, Inch Thlc:::;a, %
0.187 to 0.625 1 0 004 * 0.004 t 10

> 0.625 to 1.000 t 0.005 % 0.005 + 10

> 1.000 to 2,000 1t 0.0075 + 0.0075 t 10

> 2.000 to 3,000 t 0.010 t 0.010 10

> 3.000 tc 4.000 * 0.0125 * 0.0125 1 10

(2)

(3

(4)

Tolerances are applicable to only tke two dimsnstons specified
on the puschase order, €.8., ouiside diameter and wall; inside
diameter and wall; outside diameter and ingide diameter.

rfor tolerances applicable for very small tubes (iess then
0.187-inch-dtameter) or very thin-wall tubes (less thar
0.010-inch~thick), the producer shall be conaulted.

For tubes having an inside¢ diameter less than 60% of the outside
diaseter or a wall 3/4 inch or over thick, which cannet be
succegsfully drawn over u mandrel, the inside diameter nay vary
by an amount erual to plus or minus 10% of the wall thickness.
The wall thickness of these tubes may vary plus or minug 12,.5%
from that specified.

Ovality measured at any cross section: For tubes with nominmal
wall thickness less than 3% of the nominal outside diameter, the
ovality tolerances are double the telerances in eolumn 2 or 3,
For ovality telerances for tubes with wall thickness lesas than
2% nemiral outside diameter, the preducer shall be censulted.
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4.3, Surface Rework. All surface pores, gcuges, cracks and other defects deeper than
.005-{nch or 3% of the wall thickness, wvhichever is smaller, are unacceptable.

Defects may be vemoved by grinding proviied the wall thickness is not decreased
below that permicted in Table I1 (refer 2o page 8). Grinding should be done with
either ailicon carbide paper or a silicon carbide grinding wheel., Complete
removsl of surface defects must be assured by a final awab pickle (to remove
smeared metal) with T-111 alloy »i:kling solution (GE Specification PAAYA20)
followed by fluorescent penetrait inspection of the ground area. The defect can-
not be considered as being remored until no bleed back of penatrant can be
detected following grinding and pickling.

5. QUALITY ASSURANCE PROVISIONS

, 5.1, Vendor Responsibility, The manufacturer shall make all tests and inspections of
! the material covered by this specification before shipment unless otherwise speci-
] fied. All test and inspection resulls shall be furnished to the purchaser,

5.2, Customer Review, General Electric is to receive advanced notification of all
non-proprietary melting, elevated temperature (greater than 500°F) processing
operations, testing and nondestructive inspection and is to have the privilege
of witnessing said operations, The manufacturer shall give the purchaser ample
notice of the time and place of designated tests. If the purchaser's represen-
tative 18 not present at this time and a new date is not set, the requiremsent of
purchaser's inspection at the place of testing is waived. When the purchaaer's
reprosentative {8 present at the appointed time and place, the manufacturer
shall afford him, without charge, all reasonable facilities to assure that the
materisl is being fumiahed in accordance with this specification., This inspec-
tion shall not interfere unnecessarily with produrtion operation,

5.3. Sample Selection, Carre shal! be exercised to insure that the sample selected
for teating is representative of the material and uncontaminated by the sampling
procedure. Samples for the determination of mechanical properties shall be
selected so es to corsume a minlumum amount of material, {i.e.,, specimens may be
taken transverse to the final workiug direction from plate and sheet and from
strip {f of sufficient width, If there {s any question about the sampling
technique or the analysis, the methuls for sampling and analysis shall be those
agreed to by the huver and seller. “7he specimen configuration selected for
the performance of the testing requived in paragraph 5.4.2. and 5.4.3. shall be
mutually agreed upon by the vendor and purchaser prior to placement of a pur~
chase order. The location of all test samples shall be reported in the certi-
ficate of compliance.

5.4.1. Chemical Analyses

5.4.1.1. Teat Procedures, Chemical analyvees -ual! be conducted by mutually acceptable

procedures, such as the vacuum fusioi weiLods for gases, the combustion method
for carbon, aind spectrochemical met! . tor netallic elements. Disputes shall
be settled by accepted reteree netbode. v as the ASTM Deaiznation E195,
"Methods for Chemical Analysis f © actor and Commerical Columbium, Specifically,
the combustion/conductometric methoo for carbon, the vacuum fusion method for
oxygen and hydrogen; the micro Kjeldohl method for nitrogen or the carrier
gas fusion method for nitrogen and uxyyen; the emission spectrographic methods
for metallic impurities; the X-ray flu rescence method (using a briquette
prepartd from the fully oaldized s.mple) for tungsten; and the colorimetric

R or atomic absorption method for hafuicr., The analytical techniques to be

L, used shall be mentloned tn vendor guotutions,

Op "Qy;l C'p 304
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5.4.1.2.

5.4.1.3.

5.4.3.

5.5.

5.5.1.

Check Analyses. Check analyses (see paragrzph 7.2.) may be performed by the
buyer at his discretien and must cenfirsm that the impurities are within specified
limits. Referee (see paragraph 5.9.) analyses shall be used to resolve disputes
arising frem differences in vendor and buyer analyses.

Permisaible Variations in Analytical Results. Results of analytical deter-
minations for the interstitial elements, oxygen, carbon, hydrogen, or aitrogen,
must be within the permissible range indicated below:

Average Conceatration of a Given Permisaible Variation from the Average
Interstitial Element, ppm of Duplicate Analytical Results

0-10 + 80%
11-40 + 40%
41-100 t 20%
101-1%0 t 15%
151-1000 t 10%

In the event that the values are not gcceptable, an additional duplicate
analysis shall be periormed. All values obtainee (eriginal duplicate plus
second du,iicate) shall be averaged and the peruissible variaions criteria
applied. The average of all acceptable values, twe minimum, shall be used in
determining the average concentration.

Tensile Test, The temsion test shall be conducted in accordamce with ASTM
Designation ES, "Methods of Temsion Testing of Metallic Materials.” Yield
strength shall be determined by the offset (0.2%) method. The tensile preperties
shall be determined using a strain rate of 0.005 inch per inch per minute up

to 0.6% offset and then 0,050 inch, plus or minus 0.020 inch, per inch per minute
to fracture,

Stress-Rupture Test, Streas-rupture properties ot spe..mens shall be determined
by mutually acceptable testing techniques. Suggested testing techniques ter
determining stress-rupture properties are:

-6
Specimens shall he tested at pressures of 1 x 10 torr ar less.
The vacuum system shal] ificorporate an optically tight ligquid
nitrogen cold trap or u getter—ion pump.

Specimens shall bLe held for a half heur at the test temporsture
befere application of load.

Test temperature shall be maintained at plus or minus 10°F during
the test.

Grain Size. Grain size determinations shall be made according to ASTM Speci-
e ———— " "
fication E112, "Estimating the Average Grain 3iszse of Metals.

Number of Tests Required on Fipal Producgt

Destructive Evaluation. Representative test specimens from the finished product
representing each ingot and each lot of material shall be tested to detearmine
conformity to this specification. The minimum frequemcy of thewe tests shall be!
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5.6,2,

5.7.1.1.

5.7.1.2.

Interstitial (Carbon, Oxygen, Hydrogen, Nitrogen) Analyses -
two per lop per ingot, See paragraph 3,5.2,

h
Hafnium Analyses - one per lot per ingou. See paragraph 3.5.2.

Tensile Test - two per lot per iagot. See par.ugraph 3.7.1.
Stress-Rupture Test ~ two per lop per ingut, See peragraph 3.7.2.
Flare Test - two per lot, Per {nzot See paragraph 3.7.4.

Grain Size - two per lot per ingot
(One longitudinal and one transverse) Jee paragrapn 3.6,

Microhardness Traverses - one per lot per ingot. See paragraph 31.4.5.

Nondestructive Evaluation. The following nondestructive inspections shall be
performed 100 on all final products unless otherwise specified:

Ultrasonic Inspection, See parzgraph 5.7.1.2,
Fluorescent Penetrant Inspection, See paragraph 5.7.1.3.
Hydrostatic Proof Test See paragraph 3.7.3.

Retest and Rework

Surface Contamination. Any gampie or specvimen exhibiting obvious surface con-
tamination or improper preparation which dldqualifies it as a truly representative
sanmple shall be replaced with a new samplc.

Rewo:k. If inspection and test results ot a lot do not conform to the require-
mentt of this specification, the lot may be rewnsrked at the option of the
manufacturer. The lot shall be acceptable il all test results, after rewerking,
‘e~ farm to .his specification.

:ction,

ands oi Inspection

Radiographic. When specified, the proouct shall be radiographed and found free
of porosity and inclusions as gpecilied in paragraph 4.2, using the techniques
described in AMS 2635, 'Radiographiv Inspection,”  The radiographs and product

shall be identified so that the exact position nf each radlogrsph can be
correlated with the specific area on a particular product.

Ultrasonic Inspection. Unlesa otherwise agreed ©o by the purchaser and the
venador, f'nal produc{s shall be 100% inspected ultrasonically in accordance
with GE Specification P3AYA1S, "Ultrasouic Method of Inspection,’ using a
3% notch criteria. Ultrasenic indicatlons having any of the following three
descriptisns are considered rejectable and could be cause fer rejection of
the entire ptece'ln which the indicatinn appears:
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5,7.1.3.

5.7.1.4.

1. The smplitude of an ultrasonic signal from the material is = 802 of full
screen,

2. The amplitude of an ultraeonic signal from the material is 25X to 79X of
full screen and the signal response indicates the source of the signal is
1/8-inch long.

3. Two ultrasonic signals having amplitudes 25X which emanate frowx sources
which are within 1/4-inch of each other,

Penstrant Inlgiction. The exterior surface of products shall be 100X penetrant
inspected and found free of flaws as specified in paragraphs 4.1 and 4.3 ueing GE
Specification P3CYAl17, "Fluorescent Penetrant Inspection,”’ (Magnaflux

penetrant ZL-22A shall be used). All parts thus inspscted shall be marked

wiih ink atamps as described in the specification; impression stampings or
etching shall be unacceptsiil.

Reports. The manufacturer shall supply at least three copies u. GE-NSP
Material Test Summary'' forms for each lot of material in place of or in
addition to standard vendor test certification forms. The "Material Yest
Summary” forms summarize ail icst information required by this spestfieatios.
Coples of the forms will be supplied to the vendor by GE-NBP.

Rejections. To be handled in accordance with the Rejections Article of the
Conditions of Purchase which sppear on the reverse side cf the Purekase Order
Form.

Referee. If the manufacturer and the purchaser disagree concerniang the cen-
formance of the material to the requirements of this specification or any

aspecial test specified by the purchaser, a mutually acceptable roferee's test

shall be used to determine conformance. In the event that a referee camnot be
mutually agreed upon, the General Electric test results will prevail in determining
the acceptability of the material.

PREPARATION FOR DELIVERY

Idantification, Each hundle, box, or carbhon shall be legibly and conspicuously
marked or tagged with the number of this specification, purchase order, or
coatract number, type, ingot number, lot number, nominal size, and the gross,
net, and tare weights. When each bundle, box or carbon conaists of components
from mo:e than one ingot number or lot number, each component shall be identified
individually.

Packing. The ends of each pipe or tube shall be sealed with suitable plastic
caps and each individual item shall be wrapped in heavy gauge polyethylene

or similar material and packed in a manner assuring safe delivery when preperly
transported by a common car: ler. :
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DEFINITIONS

Lot. A lot shall .nciude all material ot th¢ <me size, shape, condition,

and finished from one heat of material and which has received the same processing,
nhas been annealed in the same vacuum annealing charge, and has been processed
simultaneously in all cperations {n which temperatures may reach 500°F or above.
when process icmperatures and environments are clodely controlled or when closely
adjacent sizes receive similar processing, lots may be combined for chemical,
{ehsi]e, and siress-rupture tests only, provided prior written approval has

been obtained trom the Ca2neral Electric Company.

Check Analysis, A check analysis 1s an analysis in addition to the certificated
AH;T;BLS. Tt shall be pertormed by the purchaser of the metal, his designated
agent, or the retferee in case ot dispute (see paragraph 5.9.). Permiasible
variations in the analytical results of the check analyses msust conform to those
described in paragraph 5.4.1.3., These variations allow for a wmaximum scatter of
analytical data from a specific sample for the given element under reproducible
analytical conditions,

Significance of Numerical Limits. For determining compliance with the apecified
limits for requirements of the properties listed belnw, an observed value or

a calculated value shall be rounded off using the rounding-off method in ASTM
Designation E29, 'Recommended Practices for Designated Significant Places in
Specified Limiting values. '

Rounded=-0f{ Unit for

Test Observed or Calculated Value
Chemical Composition and Dimensional Nearest Unit in the Last Right-
Tolerances (When Expressed Decimally) Hand Place of Figures of the

Specified Limit

Tensile Strength Nearest 100 psi

Elongation Nearest 1%

Rupture Lite Nerrest 0,1 Hour
307
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APPENDIX D
PROCESSING OF T-111 ALLGY

FANSTEEL METALLURGICAL CORPORATION

The major portion of the T-111 alloy mill products was produced by
Fansteel Metallurgical Corporation. In the production of T-11! alloy ingots,
tantalum and tungsten powders are blended in one large charge at Fansteel's
Muskogee, Oklahoma, facilities, Subsecquently, the powders are hydrostatically
compacted and sintered into rectangular bars. Consolidation of the T-1il
alloy is accomplished first by double EB-melting the sintered Ta-8W bars
into 5-inch (12.7-an) ingots. The hafnium addition to the alloy is accomplished
by GTA-welding recactor-grade hafnium strips to the full length of the electrode
produced from the 5-inch (12,7-cm)-diameter EB-melted ingots and single vacuum-
arc-melting to produce either a 7 1/2-inch (19.1-cm)- or a 9 1/2-inch (24.1-cm)-
diameter T-111 alloy ingot. Six arc-cast iugots were required to fulfill the

program requirements., Heat numbers and ingot sizes are:

Heat No. Size Melting Source
11101532 9 1/2 in., (24.1 cm) Braeburn Alloy Steel
111D1633 9 1/2 in. (24.1 cm) Braeburn Alloy Steel
111D1670 9 172 in. (24,1 cm) Univ. Cyclops Steel
11101102 9 1/2 in. (24.1 cm) Univ. Cyclops Steel
111D1765 7 1/2 in. (19.1 cm) Fansteel

111D1829 7 1/2 in. (19.1 cm) Fansteel

After machining, the ingots were shipped tc Canton Drop Forging Company,
Canton, Ohio, canned in Type 304 SS seuamless pipe, and extruded, The

extrusion parwmmeters arc presented in Table D-I.

leats 111D1632,111D1633

After extrusion, the cans were removed and the billets were conditioned
for forging at Anderson-Schumaker, Chicapo, Tllinois. Forging was to be
performed at 22()()()—23()()01" (12()‘—10—12600C) on open-face dies using a 6000-
pound (2720-kg) bammer; however, inspection of the extrusions revealed
extensive cracking along the entirelength of both extrusions. A transverse

slice of one of the extrusions was forwarded to General Llectric for examina-
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tion. Macrographs of the transverse section, shown in Figure D-1. revealed
three major cracks which were intergranular in nature and at approximately

o} .
120 intervals around the periphery of the extrusion.

An investigation was performed to delineate the possible cause of the
cracking. A Rockwell hardness survey across a transverse slice from one of
the first 5 1/8-inch (13-cm)-diameter T-111 alloy extrusions (No. 111D1632),
which had cracked, revealed no significant hardness variation across the
billet, and the average hardness was found to be 61 Ra' Subsequently, the
transverse slice from the extrusion was sectioned, as showvn in Figure D-2,
to preparc specimens for metallographic examination and chemical analysis.
Samples were obtained from the center and from the edge of the extrusion.
Photomicrographs of the extrusion are shown in Figures D-3 and D-4, and
no major amounts Qf precipitate or second phases were observed at any of the

lecations examined.

Chemical analysis results of the slice are shown in Table D-II. Based
on the chemical analyses of *+' = one cross section of the extrusion, the
ingot appeared to be reasonably homogeneous. The results of chemical
analysis do not indicate any obvious concentrations that might coatribute to

observed cracging.

T-111 a*loy rods measuring 2 1/4 inches (5.7 cm) and 3 3,4 inches (9.5 cm)
in diameter were salvaged from these two T-1i.l alloy ingots. The 2 1/4-inch
(5.7-cm)-diameter material was processed into 1,8-inch- to 1 1,2-inch (0.32-
to 3.8-cm)-diameter rods and 0.062- and 0.094-inch (0.16- and 0.24-cm)-
diameter wire; the 3 3,4-inch (9.5-cm)-diameter material was processed into
0.005- and 0,009-inch (0.013- and 0.023-cm)-thick foil, 0.040-inch (0.10-cm)-
thick sheet, and 2.500-inch (1.27-cm)-thick plate. Processing temperatures
were less than 8000F (42700). All of these products except the 1 1,2-inch
(3.8-cm)-diameter rod were given a final anneal of 2687°F (14750C) for one
hour; .he 1 1/2-inch (3.8-cm)-diameter rod was annecaled at 26870F (14750C)

for two hours,

Heat‘No ! Ll_DH)jQ

After extrusion, the can was removed and the hbillet was conditioned
for forging. No cracks were found on the surfuce of the extrusion as

determined by dyve penetrant inspection tochniques.
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Longitudinal Section
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Trangverse Section

(b)

c1068-2

The Microstructure of the Center of the Transverse Slice

From the T-111 Alloy Extrusion - Faustecl Heat No.,

111Dl€e32.

Figure D-3.

a) B170511, b) B170411
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TABLE D-1IX

CHEMICAT, ANALYSES OF CRACKED T-111 ALLOY
EXTRUSION ~ FANSTEEL INGOT NO. 111-D1632

Chemical Analyses

Per:ﬁhery Periphery Away

El.ment y :thod of Analyses Mear Crack FTQELgrack _Center
w (1) ~.25% 7.31% 6.97%
HE (1) 2.45% 2,.32% 2.28%
C (2} 30 ppm 20 ppm 30 ppm
o (3> 70 ppm 60 ppm 109 ppm
N 2) 12 vnpm 10 prm 14 ppm
Ag Ty -- -- --
Al (4) - Sy (6)
B (4) -- - --
Be (4) -- - --
Bi (4) - - -

Ca (@ -~ -- -
Ch (4) - - -
Cd (4) -— -— --
Co (4) o= - --
Cr €Y - @) )]
1(5) 10 ppm -- 10 ppm
Cu (4) -- -- --
Fo {4) -- (6) (6)
5) 64 ppm - 34 ppm
K (4) -- - -
Mg 4) - (6) (6)
Mn (4) - (6) (63
Mo (4) -- -- -
Na (4) -- -- --
Ni j(4) -- (M (7)
(5) <10 ppm - <10 ppm
Pb (4) - - --
Si (1) -- (6) (6)
Ti (4) -- (6) (6}
v (4) -- - -—
Y ) -- -- --
Zn ") - -- --
Zr 1) - -- -

(1) Wet analyiis (Ledoux & Co. Inc., Teaneck, N.J.)

(2) Conductometric

{(3) Vecuum fusion

(4) Spectrographic (semi-quantitative’

(3) Colormetric (Ledoux & Co. Inc., Teaneck, N.J.)

(6) Trace amount (< 500 ppm)

{7) <5u ppm

NOTE: Semi-quantiitative spectrogronhic analyses reveatled no difference

in concentration of those clements thav were
center and edge of the extrusion.
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Trial forgings of Qortions of the extrusion which were conducted at
Anderson Sct waker, Chicago, Illinois, and Westinghouse Electric Corporation,
Materials Manufacturing Division, Blaii.ville, Pennsylvania, were unsuccess-
ful due to center cracking of the billets. The trial forging that was
attempted at Anderson-Schumarer utilized a 6000-pound (2720-kg) hammer, flat
dies, and an inirtial billet temperature of 23000F (12600C). The biilet was
heated in air without a pro.ective ccating. In an attempt to work the
center o. the billet more extensively, the trial forging conducted at Westing-
house utilized a 1000-ton (9.1 x 105—kg) press. The dies consisted of a flat-
top die and a closed-bottom die. The billet wes heated to the 2300°F (1260°C)
forging femperature in an In-onel retort ~ontaining flowing argon gas. In
the lutter case, the center cracking was confined to the ends. After condi-
tioning to remove any contamination resulting from the previous forging opecra-
tion, this billet was heated to 1700°F (92700) in .n air furnace and rod-rolled
successfully to 2.l-inch (5.3-cm) diameter withou! reheating. Subsequently,
two 4.5-inch (11.4-cm)-ciamerer billets were rolled successfully in a similar
manner to 3 1/8 inches (8.0 cm) in diamecer and were utilized for the produztion

of 3/8-inch (0.95-cm)-0D and one-inch (2.. ~m)-0OD tubing.

The two 3 1/8-inch (&.0-cm)-diameter rods were machined into 2.93-inch
(7.44-cn)-diametexr X 9-inch (22.9-cm)-long billets and shioped to Wolverine
Tube Division ¢ Caluaet-Hecla. The billets were drilled to make tube hollows
and were extruded into base tube blanks using proczadures developed at Wolverine.
The process.nug procedures are considered proprietaxry by Wolverine Tube. The

base tubes were cleaned, the ID honed, the OD polished, recleaned and inspected.

A trief study was performed at General Electric to aid in selecting the

annealing temperature to be used on the base ‘ubes prior tu tube reducing.

o} o (o] N
2900°, and 3000°F (137.°, 1427°, 1482°, 1528°, 1593°, and 1649°C) in vacuun.

The samples were examined by metallographic and microhardness techniques.

As can be seen ia Figures D-5 through D-8, recrystallization has occusred
in «11 of the annealed specimens. The microhardness and grain-size data are
(o]
prescnted in Table D-131. A one-nour at 27000F ‘1482 C) anneal was selecued

to obtain a desiralle combination of herdness and grain size. Subsequently,
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Samples from the base tuhes were annealed for one hour at 2500 , 26000, 27000, 2800
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Pigure

a) As Extruded

b) Ann.aled, 2500°F (1371°C) - 1 Hour (200%-2

Transverse Microstructure of T-111 Alloy Extruded
Base Tube.

Etchant: EOgmNﬂ4F—2()mlH20- Sunl}{NO3
Mag.: 100X a) By30114, b) By30211
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Figure D-6.

o o )
b) Annealcd, 2700 F (i482 C) - 1 Hour

Transverse Microstructure of T-111 Alloy Extruded

Base Tube.

Etchant: 30gmN}{4F-20m1H20—5()1‘.1HN03

Mag.: 100X a) B830311, n) B830411
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a) Anneaied, 2800 F (1538 C) - 1 Hour
Q _ O
b) Annecaled, 2900 F (1595 C) - 1 Hour
Figure D-7, Transverse Microstructure ol T-111 Alloy BExtruded
Basce Tube,
Etchant:  30gmNI ll"—'.i(nn L, 0~-50m] lL\'U,g
Mag.: 100X a) BR3OSIL, L) BR3061L
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Figure D-8.

Transverse Microstructure of T-ll% Alloy gxtruded
Base Tube After Annealing at 3000 F (1619 C) for One
Hour in Vacuum,

Etchant: 30gmNH4F—20m‘H20-50m1HN03

Mag.: 100X (B830711)
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TABLE D-111

MICROHARDNESS AND GRAIN SIZE OF UNANNEALED AND ANNEALED(a)

T-111 ALLOY HEAT NUMBEP. 111-D-1670 EXTRUDED BASE TUBE

Annealing

(b

enperature Microhardness ) ASTM Grain

Op °c P sizel(c)
As kxtruded 314 (d)
2500 131¢€ 217 7.5
2600 1427 212 7.5
2700 1482 210 7.5
2800 1538 210 7.0
2900 1593 Czld 6.5
3000 15419 217 6.0

(a) . ) 4 ,
specizens annealed for one 'l)unll' at prossures less than
1 x 10=0 torr (1 x 10 7 Nyu™).

(h) . . \ , .
AMverage of four impressions at wid-wall location; 150-
aram load.

() .

Intercept (or ‘leyn) procedure used,

(d)

No vatune, specimen heavily cold worked.
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the base tubes were wrapped in tantalum foil and annealed for one hour
0 -
at 2700 F (1482 C) at a pressure of less than 1 x 10 5 torr by Weolverine

Tube.

The bhase tubes were successfully given a 50 percent reduction to an
intermediate tube size. Following this first tube reduction, a brief study
was performed at General Electric to aid in selecting the annealing tempera-
ture to be used on the reduced tube prior to further tube reducing. Samples
from the reduced tubes were annealed for cne hour at 24000, 25000, 26000,
2700°, 2800°, 29800°, and 3000°F (1316°, 1371°, 1427°, 1482°, 1538°, 1593°,
and 164900) in vacuum. The samples were evaluated by means of metiallographic

examination and microhardness techniques.

Recovery and/or recrystallization have occurred in the annealed specimens
shown in Figures D-9 through D-12, The microhardness and grailn-size data
are presented in Table D-1V. A one-hour anneal at 2700°7 (14820C) was selected
to obtain a desirable combination of hardness and grain size. The tube was
further reduced, annealing after each 50 percent reduction, to produce the
1.00-inch (2.5-cm)-0OD x 0.10-inch (0.25-cm)-wall and 0.375-inck (0.95-cm)-0D x
0.065-inch (0.17-cm)-wall tubing. After cleaning and wrapping in tantalum
foil, both the 1.00-inch (2.5-Em)—0D and 0.375-inch (0.95-cm)-0D tubing

le [o]
were given a final anneal for 1 hour at 3000 F (1649 C).

The final vendor inspection and testirg of the T-111 alloy, 0.375-inch
(0.95-cm)-OD x 0.065-inch (0.17-cm)-thick-wall and 1.0-inch (2.5-cm)-0D x
0.100-inch (0.25-cm)~thick wall tubing found the tubing to be free of rejectable
defects. However, subsequent quality assurance inspection by ultrasonic
testing at General Electric revealed numerous ID and Ob defects in the
0.375-inch (0.95-cm)-0D tubing. Many of the defects were identified by
visual examination, using 2 stereonicroscope, as OD defects of the scratch
type which were apparently introduced during handling p.ior to receipt by
General Electric. These defects were easily bernrhed out. With the majority
of the 0D defects removed, the remaining ID defects were casier to identify
in a second ultrasonic inspection, ID defects which excveded the specificatici
requirements were removed from the tube Ly sectioning. The metallographic

appearance of typical ID dzfects of this type is sliown in Figure D-13.
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1
1
1
|

(4
b) Annecled, 2400°F (1316°C) - 1 Hour c1127-3

Figure D-9. Longitudinal Microstrucuare »f T-111 Alloy Tubing
After First Reduction.

Etchant: 3OgmNH4—20mlH2\)—5(;m1HNO3

Mag.: 100X a) <100121, b) Cloo22l
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a) Amnealed, 2700 F (1482 C) - 1 Hour
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b) Annealcd, 2800°F (1538°C) - 1 Hour  Ci127-3

Figure D-11., Longitudinal Microstruciure of T-111 Alloy Tubing
After First Reduction,

Etchant: 30gnLNll.1F— 2()mlH,)O—5()mlHN03

Mag.: 100X 2) Ci00521, b) 100621
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Figure D-12, Longitudinal Microsivucturn of T-111 Alloy Tubing
After First Reduction

Etchant: IiOg,rmN}IIF—201111}{,,0—5(JmlilNO,3

Mag.: 100X a) C1u0721, b) Clo0kR21
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TABLE D-1V

MICROHARDNESS AND GRAIN SIZE OF UNANNEALED AND ANNEALED(a)

T-111 ALLOY HEAT NUMBER 111-D-1670 AFTER FIRST REDUCTION

L Y e T ], e ] - - W
| .

Annealing Temperature Microhardness(b) AST™M Grain
°F °c DPH size'®

As~-Reduced 276 8.0
2400 1316 211 8.0
2500 1371 227 7.3
2600 1427 212 7.0
2700 1482 204 7.0
2800 1538 207 6.5
2900 1593 202 6.0
3000 1649 203 6.0

(a) Specimens annealed for one hour at pressurcs less than 1 x l(f‘ﬂ) tory,

b . : . . .
() Average of four impressions at mid-wall location: 500-gram load.

()

Intercept (or Heyn) procedure used,

o




.4—-—-——0.004"

11801 (b)

Figure D-13, Photoumicrographs of Typical Defects on the ID
Surface and Inner Wall of 0.375-Inch (0,95-cm)-0D
x 0.065-Inch (0,16-cm)-Wall T-111 Alloy Tubing.

Etchant: None a) C980223, L) C980222
Mag.: 500X
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Heat * . 111D11062

Af tei extrusion, the cans were removed, and the two hillets were
conditioned for rolling at Braeburn Alloy Steel Divisior of Contine-tal-
Copper and Steel Industries Incorpeiaind. The condi tioned 4.25-inch
(10.8-cm)-diameter billets from the fourth ingot were rolled to 3.5-, 3.25-,
2.75-, and 2.25-inch (8.,9-.  8.3-, 7.0-, and 5.7-cm) diametess at 17000F
(92700) in air at Braeburn Alloy Steel. The finished products were given a
final vacuum (10_5 torr [10-3 N/m2]) anneal at SOOOOF (16490C) for 1 hour

at the Boeing Airplane Cor.pany, Seattle, Washington,

Eggt No, 111D1765

The fifth EB-melted Ta-8W alloy ing>t (111D1765) was forged into
4.0-inch (10.2-cm)-diameter elec.code stock at Apderson-Schumaker, Chicago,
Illinois, and subsequently arc-me.ted to the T-1lil composition at Fansteel,
The resulting 7.5-inch (19.1-cm)-diameter arc-melted ingot was machined to
6.72 inches (17.1 cm), sectioned into two equal lengths, and shipped to
Canton Drop Forging Company for extrusion. 'the two billets were canned in
a molybdenum-lined Type 304 stainless steel seamless pipe by heliarc-welaing,
Atter extrusion, the cans were removed and the two billets were conditioned
iy 4-inch (10.2-cm) diameter and subsequently rolled to approximately 3-inch
(7 6-cm) diameter at Brasburn Alloy Steel. The rolling was perfomrmed at
300 F (427”0) in air. 1liae products made from the fifth T-111 alloy ingot
were given a final vacuum-anneal at 3000°1 (16490C) for orz aour at the

Boeing Company, Scattle, Washington,

WAH CHANG ALBANY DIVISION

A portion of the T-111 alloy mill products required for the program
was produced by Wah Chang. Consol dation of the T-111 alloy ingots is similarv
to the process desicribed for the ingots produced by Fansteel. Blenavd tantalum
and tungsten pwoders ure compacted, sintered, and double electron-bean-melted
to product n Ta-8W aliov electrode for arc melting, Hafnium in the fowm of
crystal bar strip or etectron-beam-melted strip is GTA-welded along the
entire length of the clectrode. The electrode then is double vacuum-arc-melted

to form a 6 1,2-inch (16.5-cm)-diameter ingot.
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Primary conversion of the conditional double arc-melted ingot is
accomplished by forging at temperatures on the order of 24000F (131600).
A proprietary coating is applied to the ingot to minimize contamination
during processing. After initial breakdown of the ingot, subsequent pro-
cessing to finish sizes is accomplished at relatively low temperatures
using standard facilities and technigues. Final annealing of the mill
products was carried out at 3000°F (16490C)/1 hour in vacuum. Material
produced by Wah Chang was foil and sheet in thicknesses of 0.005, 0.009,
0.035, 0.125, and 0,050 inch (0.013, 0.023, 0.089, (.318, and 0.13 cm);
rod in diameters of 0.062, 0.094, 0.125, 0.250, 0.500, 0.625, 1.00, 1.125,
and 1.500 inches (0.157, 0.238, 0.317, 0.635, 1.270, 1.587, 2.54, 2.857,

and 3.810 cm); bar of dimensions 1.0 x 1.0 inch (2.54 x 2.54 cm}.
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APPENDIX E
PROCESSING OF Mo-TZC ALLOY

CLIMAX MOLYBDENUM COMPANY OF MICHIGAN

Consolid#tion of the Mo-TZC alloy (Mo—l.25Ti—0.15Zr—O.150) at Climax
was performed in their PSM facility. The blended powders are compressed,
sintered to form an electrode, and consumably vacuum arc melted in one
operation, One 9-inch (22.9-cm)-diameter ingot was melted to fulfill the
program requirements. The cropped and trimmed ingot, measuring 6 15/16
inches (17.6 cm) in diameter was vacuum annealed at 2800°F (153800) for
1 hour. One billet cut from the ingot was canned in unalloyed molybdenum
by heliarc welding and shipped to Allegheny ILudlum, Watervliet, New York,
for extrusion; the diameter of the canned ingot was 7 1/8 inches (18.1 cm),
The ingot was heated by induction to 32000F (176000) (optical) in an argon
atmosphere. An attempt to extrude the Mo-TZC alloy ingot in a 7 3/8-inch
(18.7-cm)-1D container was unsuccessful as failure of 1 valve to the
accumulator resulted in a loss of pressure. Severe cracking of the ingot

occurred as a result of the upsetting action in the container.

Two additional billets of Mo-TZC, machined from the same heat, were
shipped to Allegheny Ludlum for extrusion. Prior to shipment, or .a ingots

were vacuum-annealed for one hour at 2800°F (15380C). The ingot sizes were:

Diameter Length Weight
5.4 in. (13.7 cm) 12 in. (30.5 cm) 102 1b (46.3 kg)
6.0 in. (15.2 cm) 21 in. (53.3 cm) 233 1b (106 kg)

The 5.4-inch (13.7-cm)-diameter ingot was machined from the bottom of
the original ingot and required more cleanup of the surface. The 21-inch
(53.3-cm) length is a limiting dimension because ¢f the length of the

induction coil used for heating the ingots.

A second attempt t9 extrude at Allegheny Ludlum with the 5.4-inch
(13.7-cm) ingot also was unsuccessful, The ingot failed to extrude at the
full capacity of the press for the type and size of stem that was used.
Examination of the billet showed that about 2 inches (5 cm) had extruded
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before the ingot stalled in the press, and il was apparent that very little

of the lubricant was on the surface. It is believed that lack of lubrica-
tion due to the possible use of voo high a melting glass and/or the flat,

shear-type die were responsible for the failure of the ingot to extrude.

Subsequent inspection of the ingot revealed that severe cracking had occurred

from the upsetting action,

The remaining 6-inch (15.2-cm)-diameter, Mo-TZC alloy billet was turned

to 5.85-inch (14,9-cm) diameter for extrusion at duPont. The ingot was induction

heated to 3180°F (1749°C) in argon atmosphere and extruded through a 3-inch
(7.6-cm)-1D, Zr02-coated conical die. The extrusion parameters are shown in
Table E-I. As the result of severe die wash, the extrusion diameter was

close to 3 1/8 inches (7.9 cm). Also, there appeared to be a loss of lubri-
cation on one side of the extrusion which resulted in a series o€ trauvsverse
surface cracks along the unlubricated surface. These cracks were successfully

remcved during subsequent conditioning of the billet for rolling at Boskins’

Corporation, Detroit, Michigan.

The results of recrystallization studies of longitudinal samples from
the midradius of the extruded billet are summarized in Table E-II. Although
an annealing temperature of 34000F (18710C) resulted in an essentially
recrystallized structure, metallographic examination revealed continuous
films of Mo _C at the grain boundaries. Similarly, the sample which was
heated at 3200°F (176000) for one hour also cxhibited some MOZC in the grain
boundaries. Since the presence of MOZC in the grain boundaries is noti a
desirable condition for subsequent working operations, the postextrusion
heat-treatment was limited to a stress-relief anneal at 3000°F (164900) for
one hour in vacuum. A solution anneal at temperatures on the order of
3750°V (206600) was not employed because of possible grain growth and the
fact that only a 52 percent reduction is required to reach the final size

of 2 inches (5 cm) in diameter.

The conditioned and stress-relieved Mo-TZC alloy billet was successfully
rolled by Hoskins Corporation, Detroit, Michigan, to 2 1/8-inch (5.4-cm)-
diameter rod. A rolling temperature ot 24000F (1316°C) was utilized., The
2-inch (5-cm)-diameter rod was machined from a portion of the rolled 2 1/8-

inch (5.4-cm)-diameter rod. The remaining 2 1/8-inch (5.4-cm)-diameter rod
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TABLE E-1

EXTRUSION PARAMETERS FOR THE 5.85-INCH (14.9-cm)-DIAMETER

MACHINED Mo-TZC ALLOY INGOT'2)

Billet Size
Container Size
Die Size/Design
Die Coating
Extrusion Ratio

Lubricant

Billet Temperature

Extrusion pressure

Cooling Procedure

5.85-inch (14.9-cm) diameter

6.0-inch (15.2-cm) 1D

3.0-inch (7.6-cm) ID/90o conical

2.r02

3.8/1

Billet coated with 7052 glass; glass lubricated
with Fiske grease. Die lubricated with 7052
glass powder and a glass-wool pad.

3180°F (1749°C) (incuction-heated in argon)

126,000 psi (868 MN/mz)
115,500 psi (796 MN/m ) run-out

Air-cooled to 1700°F (92700); cooled in Sil-0-Cel
from 1700 F (927 C) to room temperature.

(2) Extruded at E.I. duPont de Nemours and Company, Inc., Baltimore,

Marylanc.

335




TABLE E-11

RECRYSTALLIZATION(a) OF 3.125-1IMCH_(8.0-cm)-DIAMETER

Mo-TZC ALLOY EXTRUSION(P)

_Témperaturgfc) Vickers' Hardness

_F _C Number % Recrystallization
As extrvled 232 10

2800 1538 240 15

3000 1649 236 15

3200 1760 229 25

3400 1871 201 98

(2) Conducted by the Climax Molybdenum Company of Michigan, Ann Arbor,

Michigan.

(b)

Extruded at E, I, duPont de Nemours and Company, Inc., Baltimore,
Maryland, in 6.0-inch (15.2-cm)-0D container - ingot diameter
5.85 inches (14.9 cm).

Temperatures maintained for one hour in vacuum.
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was rolled at 24000F (131600) to 1.3-inch (3.3 cm)-diameter rod by
Climax Molybdenum Company, Coldwater, Michigan. The rod was subsequently
machined to l-inch (2.5-cm) diameter. The chemical analyses of the ingot
and stress-relieved rod, as supplied by Climax, are shown in Table E-III,.
The mechanical properties, also supplied by Climax, are presented in
Table E-IV.
GE-IMCD

Four six-inch (15.2-cm)-diameter, Mo-TZC alloy ingots were single vacuum-
arc-melted by the Lamp Metals and Components Department of General Electric
Company. The ingots were machined to a nominal 5 1/16-inch (12.9-cm)
diameter and extruded at the GE-R&D Center, Schenectady, New York, The

extrusion parameters that were employed are shown in Table E-V.

Ultrasonic inspection of all of the extrusions revealed no internal
defects. One ingot (lleat No. 4454) stuck during extrusion but it was

possible to remachine the surface and successfully reextrude to bar.

Two extrusions (4451 and 4453) were cross rolled to 1 3/8-inch (3.5-cm)-
thick plate for subsequent machining into nozzles for the turbine simulator.
Attempts made to roll the first extrusion (4451) at a temperature of 23900F
(1300°C) resulted in severe cracking. The rolling cycle was modified for
the second extrusion (4453) to provide for a 20 percent reduction.to be made
at 2012°F (1600°C) and a 20 percent reduction .o be made at 2390°F (1300°C).

The material was rollea to this schedule without difficulty.

The third extrusion (4454) was successfully cross rolled 1o 3/4-inch
(1.91-cm)-thick plate with approximately 40 percent reduction being made at
a temperature of 2912°F (16000C ) and approximately 40 percent reduction
being made at a temperature of 23900F (13000C). This material is to be
utilized for the machining of turbine blades. The chemical analyses of the
rolled plate, as supplied by GE-IMCD, are shown in Table E-VI, and the

mechanical properties are presented iun Table E-VII.

DETERMINATION OF FINAL ANNEALING TREATMENT

Because of the marginal room temperature ductility of the heavy section
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TABLE E-V

(a)

EXTRUSION PARAMETERS FOR Mo-TZ(C ALLOY INGOTS

Machined Ingot Size
Leader Block
Follow—up Block
Container Size

Die Size/Design

Die Coating

Lubricant - Proprietary

Extrusion Ratio
Furnace Temperature,
Soak Time, Hours/Minutes
in Hydrogen

Handling ‘Time,

5.06-inch (12.9-cm) diameter
None
Graphite

5.187-inch (13.1-cm) ID

2.1-inch (5.35-em) x 4.1-inch (10,4-cm)/

conical

Zr0
™9

Ugine'-Sejournet processed not used

Heat No.

4451 1454 4453
2.29/1 2.24/1 -
3110 3110 3092
1710 1710 1700
3:25 3:58 3:54
22.7 24,3 22.1

(a) Extruded at General Electric Research and Development Center,
Schenectady, New York.
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sizes of the Mo-TZC alloy products, a heat-treat study was performed

on the Mo-TZC alloy rod to define an annealing treatment which will improve
the room-temperature ductility without appreciable recrystallization or

reduction in the yield strength.

The Mo-TZC alloy mill products manufactured by the two vendors (General
Electric-IMCD and Climax Molybdenum Company) were processed using different
working schedules. Therefore, a single optimum heat treatment for all the
Mo-TZC alloy mill products could not be selected. Results of this study

resulted in the following courses of action:

a. The 0.75-inch (1.91-cm)-thick plate (GE-1MCD) and the 2.0-inch
(5.1-cm)-diameter rod (Climax) were heat treated for 50 hours

at 2600°F (1427°C).

b. The 1.375-inch (3.5-cm)-thick plate (GE-LM(D) was not used in

the Corrosion Loop Program because of its uonuniform microstructure.

¢. The l-inch (2.5-cm)-diameter rod (Climax) was utilized in the
as-received condition (1 hour at 2400 F (1316 C).

The heat-treatment study was conducted with approximately 0.25-inch
(0.64-cn)-thick slices cut from the ends of each of the Mo-TZC alloy mill shapes.
The s=lices from the plate material were cut into cubes, and the slices from
the rods were cut into pie-shaped specimens. After chemical cleaning, the
specimens were heat treated for one hour at 2600 27000, 28000, 30000, 32000,
3400°, and 3750°F (1427°, 1482°, 1538°, 1649°, 1760°, 1871°, and 2066°C) in

-5
a vacuum of less than 1 x 10 torr and subsequently quenched in helium,

The microstructures and microhardnesses of the 0.75-inch (1.9-cm)-thick
Mo-TZC alloy befcre and after the one-hour heat treatment are shown in
Figure E-1. Significant recrystallization was observed in the specimen
heat treated for one hour at 2600 F (1427 C) as well as a low hardness. The
data obtained for this particulax heat treatment are considered anomalous
with respect to the data obtained after performing other heat treatments on
this material, The one-hour heat treatment at 2800 F (1538 C) is considered
to be the condition in which significant recrystallization will occur in
the 0.75-inch (1.9-cm)-thick plate. Also, the microhardness data indicate

a rapid decrease in hardness after a one-hour Leat treatment at a temperature
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of 27000F (1482°C). Froin the metallographic and microharduess data, a
temperature of 2700°F (148200) or less was suggested for a one-hour heat

treatment of the 0,75-inch (1.9-cm)-thick plate.

The effects of longer time heat treatments on microstructure and
hardness of the 0.75-inch (1.9-cm)-thick pls te were evaluated by heat
treating samples for 50 hours at 2600°F a1d 2700°F (1427°C and 1482°C).

The microstructures, Figure E-1, indicate only a slight amount of recrystalli-
zation in the specimen heat-treated at 2600°F (142700) for 50 hours and 2
significant amount of recrystallization in the specimen heat treated at

2700°F (148200) for 50 hours; The microhardness data, Figure E-1, are

in agreement with the microstructures in that the hardness of the specimen
heat treated at 2700°F (148200) was considerably reduced. These results
indicate that a 50-hour heat treatment -at 2600°F (1427°C) also may be
beneficial in achieving greater tensile ductility at the lower temperatures.

A longer-time leat treatment has the advantage of allowing more time for

carbon precipitation.

The micrestructures and microhardness of the 1.375-inch {3.49-cm)~thick
Mo-TZC alioy plate before and after the one-hour heat-treatments are skown
in Figure E-2. Significant recrystallization was observed after heat treating
for one hour at 3200°F (176000). This high recrystallization temperature
is attributed to the relatively small amount of cold-work that this material
received during processing, as shown in the as-received microstructure

wnich is noticeably less uniform than the microstructure of the other

materials. In general, the microstructure d-~.a for the one-hour heat treatments

below 3200°F (176000) indicate that recovery is the major process taking place
with very small localized areas, which received a greater amount of effective
cold-work, starting to recrystallize. Since the slope of the hardness curve
is fairly uniform up to 32000F (1760°C) and microstructural changes are
slight, it would be desirable to maintain the temperature of a one-hour heat
treatment for the 1,375-inch (3.49-cm)-thick Mo-TZC alloy as low as possible
to reduce degradation of strenrgth and high enough to precipitate carbon

from solution in a reasonable time period. The effects of longer-time heat

treatments on the 1,375-inch (3.49-cr)-thick plate were also evaluated by heat
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treating samples for 50 hours at 2600°F and 2700°F (1427°C and 1482°C).
The microstructures of these specimens are shown in Figure E-2 and
indicate that recovery is predominant with some recrystallization in small
lo alized areas in the specimen heat treaked for 50 hours at ZGOOOF (142700)
and a significant amount of recrystallization in the specimen heat treated
at 2700°F (148200) for 50 hours. A decrease in hardness was observed in
both specimens, Figure E-2, with the hardness values being slightly less
than the one-hour heat treatments at 2600 F (1427 C) and 2700 F (1482 C)
maose data indicate that a 50-hour heat treatment at 2600 F (1427 C) would
be the preferred heat treatment to improve the low-temperature tensile
ductility of the 1.375-inch (3.49-cm)-thick plate with a minimal reduction

in yield strength.

The room-temperature tensile ductility of the 1.0-inch (2.5-cm)-diameter,
Mo-TZC alloy rod produced by Climax Molybdenum is satisfactory for use in
the as-received condition (24000F [1316003/1 hour). However, heat-treatment
studies were conducted with this material to determine its recrystallization
characteristics. The microstructures and microhardness after the one-hour
heat treatmenis are shown in Figure E-3. Significant recrystallization was
observed in the specimen which was heat treated at 3000 F (1649 C) for one
hour. The microhardness data shown a rapid decrease in hardness after one
hour at 2800°F (15380C). The effects of longer-time heat treatments (50
hours at 2600° and 2700°F, 1427° and 1482°C) on the 1.0-inch (2.5-cm)-diameter
material are shown in Figure E-3. Metallographic examination revealed the
initiation of recrystallization in both heat treatments but to an insignifi-

cant amount. A slight decrease in microhardness also was observed.

Specimens from the 2. 0-inch (5.1-cm)-diameter Mo-TZC alloy rod
produced by Climax Molybdenum were heat treated for one hour at 2800°F
(1538 C) and 3000 F (1649 C) Significant recrystallization was observed
after heat treating for one hour at 3000 F (1649 C) and a slight decrease
in microhardness was noted after the one-hour heat treatment at 2800 F
(1538 C) These results indicate that a one-hour heat treatment to
precipitate carbon from solution should be carried out at a temperature

of 2800 p (1538 C) or less. Additional specimens from the 2.0-inch
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(5.1-cm)-diameter rod were heat treated for 50 hours at 2600°F (1427°C)

and 2700 F (1482 C) Significant recrystallization was observed in the
specimen heat treated at 2/00 F (1482 C) and is reflected in the low
microhardness of the specimen. The specimen heat treated a: 26000F (142700)
for 50 hours exhibited a very small amount of recrystallization and a slight
decrease in hardness. These data indicate that a 50-hour exposure at

2600°F (1427°C) sould be used for the fimal heat treatment of the 2.0-inch

(5.0-cm)--diameter material.

As a result of these studies, 50 hours at 2600°F (1427°C) was selected
as a promising heat treatment for the comparison of tensile properties
with the material in the as-received condition of one hour at 240001 (131600).
Buttonhead tensiie specimens, Figure E-4,wvere machined from Mo-TZC rod and
bar such that the longitudinal axes of the specimens were parallel to the
rolling direction, The finished tensile specimens were chemically cieaned
and carefully inspected for surface defects ising fluorescent penetrant
techniques. The tensile specimens were vacuum heat treated at pressures
less than 1 x 10”5 torr after the machining, cleaning, and inspection opera-
tions. The tensile tests were conducted in air at room temperature to 400 P
(204 C) and were performed in accordance with ASTM Designation E8- 57T,
"Methods of Tension Testing of Metallic Materials." A strain rate of 0.005
inch/inch/minute up to 0.6 percent offset and then 0.050 inch/inch/minute
to fracture was used; the yield strength was determined by the 0.02 percent
and 0.2 percent offset methods. The results of these tests along with the

data reported by the vendors are shown in Table E-VIIIL.

In general, an increase in room- temperature ductility and a decrease
in room-temperature yield strength were observed in the specimens tested
#yom all four mill shapes which were heat treated for 50 hours at 2600°F
(142700). 1t was concluded that the improved ductility was more significant
to the utilization of these materials in the T-111 Corrosion Loop than the
observed decrease in strength except for the 1.0-inch (2.5-cm)-diameter rod
material. The 1.0-inch (2.5-cn)-diameter Mo-TZC alloy rod exhibited very
good ductility in the as-received condition (heat treated for one nour

at 2400°F [1316°C]), and the slight increase observed after heat treating
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for 50 hours at 2600 F (1427 C) was considered insignificant. Therefore,
no additional heat treatment was selected for the 1.0-inch (2.5~cm)-diameter

rod, and it was used 1in the T-111 Corrosion Loop in the as-received condition.

The rcom-temperature ductility achieved in tne 0.75-inch (1.91-cm)-thick
O o]
plate after heat-treating for 50 hours at 2600 F (1427 C) was considered
acceptable; therefore, this heat treatment was utilized for the 0.75-inch

(1.91-cm)-thick, Mo-TZC alloy plate.

Since the machining of the 1.375-inch (3.49-cm)-thick plate and 2,0-inch
(5.0-cm)-diameter rod was to be done by electric-discharge-machining techniques,
which can be done readily at temperatures on the order of lSOOF (660C), the
ductility achieved in hoth the 1.375-inch (3.49-cm)-thick plate and the 2.0-inch
(5.0-cn)-diameter rod at 150°F (66°C) after heat treating 50 hours at 2600°F
(1427OC) was considered acceptable., However, even though good ductility was
achieved in the 1.375-inch (3.49-cm)-thick plate, it was decided that the non-
uniform microstructure observed in the metallogravhic studies made it un-

desirable to use this material in the T-111 Corrosion Loop.

The 0.75-inch (1.91-cm)-thick, Mo-TZC alloy plate and the 2.0-inch
(5.0-cm)-diameter, Mo-TZC alloy rod were chemically cleaned, wrapped in fresh,
o]
Cb-1Zr alloy foil, and subsequently heat treated at 26060 F (14270C) for 50

. -5
hours in a vacuum of < 1 x 10 torr.
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APPENDIX F
PROCESSING OF Cb-132M ALLOY

The mill products of Cb-132M alloy (Cb-20Ta-~15W~-5Mo-2Zr-0.13C)
required for the program requirements were pr;duced by Universal Cyclops
Steel Corporation. A 5 3/8-inch (13.7-cm)-diameter x 10.09-inch (25.63-cm)-
long Cb-132M alloy ingot was triple vacuum arc melted from a double EB-melted
ingot by Wah Chang Albany and jacketed in a § 7/8-inch (1.49-cm)-0D, pressed
and sintered molybdenum can, The canned ingot was successfully extruded
at duPont through a 3 3/4-inch (9.53-cm)-ID die at a temperature of
31200F (171600). The extrusion parameters employed are presented in
Table F-I. The extruded bar was conditioned to 3.375-inch (8.57-cm) diameter
and sectioned into two lengths. One billet length was stress relieved
at 2300°F (121600) for one hour in vacuum, machined, recanned in molybdenum,
and extruded at 24OOOF (13160C) to approximately 2.25-inch (5.7-cm) diameter.
The second billet length was given a recrystallization anneal at 3200°F
(176000) for one hour in vacuum, machined, recanned in molybdenum, and
extruded at 29000F (159300) to approximately 2.25-inch (5.7-cm) diameter.
The extrusion parameters for both hillets are presented in Table F-II. The
latter two extrusions were performed by Nuclear Metals, West Concord, Massa-
chusetts. The extrusion from the second billet was then stress relieved
at 2300°F (1260°C) for one hour in vacuum, machined, recanned in molybdenum,
and reextruded by Nuclear Metals at 24000F (131600) through a 1.75-inch

(4.45-cm)-diameter die. The extrusion parameters are presented in Table F-1I1I.

The 2.25-inch (5.7-cm)-diameter Cb-132M alloy extrusion from billet
No. 1 was machined into 2.0-inch (5.08-cm)-diameter rod, The 1.72-inch
(4.37-cm)-diameter extrusion from billet No. 2 was decanned, inspected, and

machined into 1.0-inch (2.54-cm)-diameter rod.

The chemical analyses of the ingot and stress-relieved rod, as supplied
by Universal Cyclops, are shown in Table F-1V. The mechanical properties,

also supplied by Universal Cyclops, re presented in Table F-V.

PRECEDING PAGE BLANK Nop ppy MED
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TABLE F-1

EXTRUSION PARAMETERS FOR THE 5.36-INCH ((}3.62—cm)—DIAMETER MACHINED
Cb-132M ALLOY INGOT'3)

Machined Ingot Size

Ingot Nose Geometry
Can Size
Leader Block

Follow-up Block

Container Size
Die Size/Design
Die Coating
Extrusion Ratio
Lubricant

(b)

Ingot Temperature

Extrusion Pressure

5.36-inch (13.62-cm) diameter X 10.16-
inch (25.8-cm) long

()

135 included angle

5.95~-inch (15.1l-cm)-diameter molybdenum
Steel block heated to 2000°F (1093°C)
2.0-inch (5.l—gg)—thick carbon discs heated
to 2000 F (1093 C) followed by one carbon
disc at room temperature

6-inch (15.2-cm) ID

3.75-inch (9.5-cm) ID/conical

Zr0

™o

2.56/1
Proprietary Glass

3120°F (1716°C)

76,000 psi (530 MN/m?)

(a)

(n)

Extrusion Press Size 2.750 tons
Ccoling Procedure Air
Extruded at duPont.
Heated by induction in argon.
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EXTRUSION PARAMETERS FOR THE 3.75-INCH (9.5-cm)-DIAMETER .
EXTRUDED Cb-132M ALLOY BILLETS(2)

TABLE F-1I

Machined Billets Sizes - Billet No.

Billet No.

L ()

- 3.75-inch (9.5-cm)
diameter x 12-inch (30.5-cm) long
2(¢) _ 3. 75-inch (9.5-cm)
diameter x 10-inch (25.4-cm) long

Can Size .- 3.95-inch (9.5-cm)-diameter molyhdenum
o
Leader Block - Mild steel heated to 1500°F (816 C)
Container Size - 4.05-inch (10.3-cm) ID
Die Size/Design - 2.625-inch (6.67-cm) ID/conical
Lie Coating - ZrO2
Extrusion Ratio - 2.4/1 j
i
Lubricant - Glass :
(d) o o j
Billet Temperature - Billet No. 1 2400 F (1316 C) 1
!
Billet No. 2 - 2900°F (1593°C) |
j
Extrusion Pressure - Billet No, 1 750-690 tons runout ‘
]
Billet Mo, 2 510-370 tons runout ;
Extrusion Press Size - 1400 tons
Cooling Procedure - Air

(a)

(d)

Extruded at Nuclear Metals, West Concord, Mass.

Heated by induction in argon,

357

(b) Billet No. 1 was used to make the 2-inch (5,l-cm)-diameter bar.

(c) Billet No. 2 was used 10 make the l-inch (2.51-cm)-diameter bar.
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TABLE F-III-

EXTRUSION PARAMETERS FOR THE 2.0-INCH (5.1-cm)-DIAMETER
EXTRUDED Cb-132M ALLOY BILLET(2)

Machined Billet Size - Billet No. 2 - 2.0-inch (5.1-cm)
diameter x 12-inch (30.5-cm) long

Can Size -  3.95-inch (9.5-cm)-diameter molybdenum

Leader Block - None

Follow-up Block -~ Mild steel heated to 900°F (482OC)

Container Size - 4.05-inch (10.3-cm) ID %

Die Size/Design - 1.75-inch (4.4-cm) ID/conical %

Die Coating - ZrO2 |

Extrusion Ratio - 3.0/1 |

Lubricant - Glass é

Billet Temperature'® -  2400°F (1516 C) %

Extrusiun Pressure - 700 tons %

Extrusion Press Size - 1400 tons j

Cooling Procedure - Air 1
|
|
|

(2) Extruced at Nuclear Metals, West Concord, Mass,

{b) Induction-heated in argon. . i
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Because of the marzinal room temperature ductility of the 2-inch
(5.08-cm)-diameter Cb-132M alloy rod, a heat-treatment siudy was conducted
to establish final annealing conditions that would rzsult in an optimum

combination of low-temperature ductility and elevated-temperature strcngth.

A beat treatment of one hour at 2600°F (1427°C) was selected for
the 2-inch (5.08-cm)--diameter Cb-132M alloy rod. This study ahowed.that
this heat treatment resuits in improved room-temperature ductility without
appreciable recrystallization or reduction in the yield strength of the

Cb-132M alloy.

The Cb-132M alloy as supplied by Universal Cyclops had been heat treated
for one hour at 24OOOF (131600) and had a room-temperature ductility somewhat
less than desirable for machining and utilization in the Corrosion Loop.

It was anticipated that a slightly higher-temperature heat treatment would
result in increased carbide precipitation and reduce the amount of carbon

in solid solution, which would improve the room-temperatuvre ductility without
an appreciable loss in yield strength. Approximately 0.25-inch (0.64-cm)-thick
slices were cut from the end of the Cb-132M allioy rod and subsequently
sectioned into pie-shaped specimens. After chemical cleaning, the specimens
were heat-treated for one hour at 25007, 2600°, 2700°, 2800°, and 2900°F
(1371°, 1427°, 1482°, 1538°, and 1593°C) at a pressure of less than 1 x 1070

torr (1.3 x 10-3 N/mz) and then quenched in helium,

The microstructures and microhardnesses of the Cb-132M alloy before and
after the one-hour heat-treatments are shown in Figure F-1, The first signs
of slight recrystalliz “ion in the severely worked regions of the bar were
observed in the specimen heat treated for one hour at 27000F (148200).
Significant agglomeration of the carbide precipitate was observed after a
heat treatmert of one hour at 2900°F (159300), Figures F-2 through F-4.

The microhardness data indicate a rapid decrease in hardness after a one-
hour heat treatment at 2700°F (14820C). From the microhardness and thetallo-
graphic data, a tempercture of less than 2700°F (148200) was suggested for

a one-hour heat treatment,

The effects of longer-time, lower-temperature heat treatments were

361




m:ﬂhooxﬁoﬁaow-mmﬁeom-mozmﬂeoN

13ueyolqy

‘poy LOTTV WZET-AD I239uei@-(wo-T°C) Your-0°g
woxg 3n)y sudwioadg TeUIPNIT3UOT JO SINIONIISOIO T pPUE SSaupIeyoId Iy

1

eatiy v dum )

on

0isZ

*1-d san3dtg

(40DUYZ 30 "ap ¢,

P ana; <y

s

D) <o

IR FIPRTIRT ¥

(R b (K Tty SSdupadi

362

OF POOR QUALITY]

ORIGINAL PAGE IS




a) As-Received (annealed L Hour at 2400 F ‘_1316 cl)
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Ch-132M Alloy tod.
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a) Annealed 1 Hour at. 2600°F (1427°C)
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b) Annealed 1 Hour at 2700 F (1482°C)

Figure F-3. Longitudinal Microstructure of 2.0-Inch (5.1-cm)-
Diameter Cb-132M Alloy Rod.

Etchant: 6OmJ.Gcherine—20m1HN03-20mlx{F
Mag.: 2000 X a) €410413, b) C410512
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Figure F-4.

- o

~ g T -

’ “a .\)I. ¢, ® #
m_ 5\‘_“ "/’f
ol b
‘o e an g

e @ ‘ o
Y C1180-5 _» ‘.
_-a-m/ ’ PR

b)Y Amncicled 1 o

longitudinal Microstirn

Diameter Ch-132M Alloyv
Ltchant: 60mlGlyeecin
Mag.: 2000M\

RIIR)

. _“-ﬂ o
. - . J’

[l

[ARLE O

o)
IR

co tHING

P e
(1593 C)

2. 0-Tnch (5.1-cm)-

2em 1 HF

a) C1luels3, b) C410712

PR T
e e ek

R P P P S



o
eva}uatcd by heat treatiang a sample for 50 hours at ZSOOOF (1371 °C).
The microstructure, shown in Figures F-1 and I"-5, indicates significant
recrystallization and agglomeration of ihe carbide precipitate. These

changes are reflected in the low microhurdness given in Figure F-1.

The :<inal heat-treatment selection was determined. by evaluating the
tensile behavior of specimens heat treated for one hour at 2000 F (1371 C)
and one hour at 26000F (142700). Buttonhead tensile specimens were machined
from the 2-inch (5.1-cm)~-diameter Cb-132i1 yod such that the longitudinal
axes of the rod and specimens were parallel. The finished tensile specimens
were chemically cleaned and carefully inspected for surface defects using
fluorescent-penetrant techniques. Three tensile specimens were vacuum heat
treated at pressures less than 1 x 10°° torr (1.3 x 10-3 N/m2) for one hour
at 2500 F (1371 C), three for one hour at 2600 F (1427 C) and the remaining
specimens were left in the as-received condition (one hour at 2400 F (1316 C).
The tensile tests were conducted in air at room temperature to 225 F (107 C)
and were performed in accordance with ASTM Designétion E8-57T, 'Methods of
Tension Testing of Metallic Materials. A strain rate of 0.005 inch/inch/
minute up to 0.6 percent offset and then 0.050-inch/inch/minute to fracture
was used; the yield strength was determined by the 0.02 percent and 0.2
percent offset methods. The results of these tests are shown in Table F-VI

along with the tensile data supplied by Universal Cyclops Steel Corporation,

Reasonable ductility was observed in the as-received Cb-132M alloy
material which was annealed one hour at 9100 F (1316 C) and tensile tlested
at a temperature of 225 O (107 C). Both theimal heat treatments, one hour
at 25000F (13710C) and one hour at BGOOOF (142700), resulted in good room-
temperature ductility, and the specimens which were heat treated at ZGOOOF
(142700) exhibited slightly higher ductility than those heat treated at
25000F (1371°C). In all cases, no significant reductions in yield strengt..
were observed, From these results and (he carlier microstructure and micro-
hardness results, a thermal heat {reatment of one hour at 2600 F (1427 C)

was sel~cted for the 2-inch (5.08-cm)-drume ter Ch-132M alloy rod. Subsequently,
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Figure F-5.

Longitudinal Microstructure of 2.0-Inch (5.1-cm)-
Diameter Cb-132M Alloy Rod Annealed 50 Hours at

2500 F (1371 °C).
Etchant: Gaanlycerinc—2(m1HN03—20m1HF
Mag.: 2000X (C470112)
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the 2-inch (5.08-cm) diameter Ch-132M alloy rod was wrapped in new Cb-12r

alloy foil and vacuun annzaled for one hour at 2600 F (14270C).

The 1l-inch (2.54-cm)-diameter rod had satisfactory room-temperature

0
ductility in the as-received condition (2400 F [1316OC]/1 hour).
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7-111 BELLOW: IURL
As indicated in Section IV, ravrication, of this report, T-111 bellows
were fabricated for use in the construetion ol the metering and 1solation
valves for the T-111 Corrosion Test Loop. Tne T-111 bellows were of good
quality, however, the decision was pnade Lo take the more conservative and
demonstrated approach of using CL-1%y billows from 11e same lot used in the
valves of the successful 5000-hour Cb-14y Corrosion Lou~ Test. The higher—
strength T-111 alloy bellows were not required because of the low operating
temperature and low stress levels in the convolution walls. Even through the

T-111 bellows were not used, i brict description of the fabrication of these

high-strength alloy. The information pained during the fabrication of these

0.52-inch (1.3-cm)-0D bellows was ¢antremcly useful in the subsequent fabrica-

tion of 0.85-inch (2.2-cm)-OD T-111 betliows for the larger refractory metal

(31)

valves which were evaluated in unother recvent fwop test.

bellows ic included below since these wogwe the first bellows made from this !
L
1
]
1
;

I

The T-111 bellows for the T-111 Corrosion Test were formed from tube ;
blanks of the following dimensiovns,; 0,575 inch (0.95-cm) OD x 0,008~inch
(0.02-cm) wall thickness x 6.75-1nch (17.1-ca) tength. L:cause of the thin
walls of the bellows blunks, the intevstitial element concentrations in this j
material were substantially higher tnan the tubing and pipe used in the con- |
struction of the T-111 loop proper. Fotiovang the final recrystallization
heat treatment of 1 hour at ZTUL“F (lihU”V) e average analysis of the T-111
blanks was as follows: 208 ppm oivgch. UD pp carbon, 36 ppm nitrogen, and
3 ppm hydrogen. The relatively Lish oooen concentration and the attendant 1
risk of attack by lithtum was another roa-on for s lecting Cbhb-1Zr bellows |
for use in the fabrication of the 1t dorreston Loop valves.

The T-111 bellows were hvaeaaliced !ty formed with an internai prossure of

O

approximately 2400 psi (16.5 x o N "y oy Manitlex Corporation, Van Nuys,

€IS . ,
1) Harrison. R. W. and Holowoch, 1o hoirwtery S tal Valves tor ISH)()”J'.“

Service in Alkali Metal Systens, Nibi CR- 1810, 1970,

PREC
LANK Nor FILMz

A




California. Various stages of the formation of the convolutions are

jllustratied in Figure G-1. A close-up view of the bellows is shown in
Figure G-2, which illurtrates the uniformity of the convolutions and the
smooth texture of the surface. The metallographic appearance and the
uniformity of the wall thickness of the bellows' convolutions are illustrated
in Figure G-3. The maximum variation in wall thickness between the apex
and the side wall of the convolutions was less than 0.001 inch (0.002 cm).
The grain size in the convolutions corresponded to ASTM 7-8. Microhardness
measurements were made on the cross section of the tube blanks and on the
formned bellows. Diamond Pyramid Hardness valdes ot 250 were obtained on
the tube blanks and values ranging £rom 325 to 350 were obtained on the

bellows' convolutions.

The axial deflections of two T-111 bellows and a Cb-1Zr bellows as a
function of load were determi.ed and are presented in Table G-I. No
permanent set was observed in these room temperature tests of the bellows

in the 0.10-inch (0.25-cm) travel necessary for valve operation.

In summary, examination of the T-111 bellows indicated that they were
of excellent quality with the sole negative factor being ‘ihe relatively

high oxygen and carbon concentrations of this material.
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Figure G-2.

T-111 Alloy Valve Bellows.  (Top - CHH082015H)
(Buot ton CHHURZ006)
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Figure G-3.

(4) A Transverse Section of T-111 Alloy Bellows' Convolutions

Showing the Uniformity ol the Wall Thickness (Orig. AB30213).

(b)Y A Transverse Section at the Apex of a Convolution Indicating
an ASTM Grain Size 7-8 (Orip. AB30212),

Etehant: 'IO’,ZHNO,*-«IU’,}';H]"»L‘U'f}ll(,‘l Orig. Mag.: (a) 50X
' (b) <50X
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APPENDIX H

CALIBRATION OF THE PARTIAL PRESSURE GAS ANALYZER

The method used for calibration of the mass spectrometer and subsequent
calculatiors of partial pressures involves the use of both the ionization
gauge and the mass spectrometer ih a procedure such that the total pressure
is determined by the ionization gauge reading, corrected for relative con-
centrations of various gas species, with the reclative concentrations obtained
from the mass spectrum. The reason for this approach is that the mass
spectrometer cannot be relied upon to give accurate absolute partial pressure
values over a long time period. This is due mainly to instabilities in the
electron multiplier. The ionization gauge, on the other hand, will give only
approximate values of the total pressure unless relative partial pressures
are known. Details of the calibration uand data analysis procedures are given

elsewhere.(32)

Calibration of the mass spectrometer was made before installation ci
the loop in the chamber. The tube was motnted on the chamber, and the empty
chamber was evacuated without the spool piece. Af ter chamber had been baked
ou¢ and prior to calibration of the analyze., a base pressure of 3.9 x 10_9 torr

- 2
(5.2 x 1C 7 N/m") was obtained.

The analyzer was calibrated for hydrogen, helium, nitrogen, and argon
by admitting the pure gas to the chamber through the variable leak valve,
whizh was .own previcusly in Section VI.B. When the pressure had stabilized,
a reading of the ionization gauge was made, and a mass spectrum was obtained.
This process was repeated at various pressures for each of the four calibrating
gases. From these data, the sensitivity of the mass spectrometer for each
of the four gases was calculated. The mass spectrometer sensitivity, Sms(x)

for any pure gas (x), is defined as

(32) Lyon, T. F., Effects of Vacuua Level on Solar Receiver Materials,

Final Report on Contract NAS 3-11828, October 10, 1970,
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I (x)
s (x) - _bs

ms i P(x)
ms
where st(x) is the positive ion current of the mass spectrometer for a
particular peak (usually the parent peak) in the pure gas mass spectrum,

ims is the electron emission current, and P(x) is the gas pressure.

The mass spectrometer seusitivity relative to nitrogen is given in
Table H-1 for each gas normally found in the residual gas mass spectrum. Values
for gases other than those for which direct calibration was made were obtained
by extrapolation or interpolation. Also shown in Table H-I are the ionization
gauge sensitivities relative to nitrogen. These values were obtained from

various literature sources. %
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TABLE H-1

RELATIVE SENSITIVITY OF MASS SPECTROMETER AND IONIZATION GAUGE

Mass Spectrometer Ionization Gauge
Parent Sensitivity Sensitivity
Specie m/e Relative to N2 Relative to N2
2 1.61 0.42
H2
He 4 0.13 0.19
CH1 16 1.67 1.07
H20 18 1.29 0.89
CO or N2 28 1.00 1.00
02 32 0,72 0.85
Ar 40 0.97 1.E6
002 44 0,74 1.37
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This process was repeated at various pressures for each of the four calibrating
gases. From these data, the sensitivity of the mass spectrometer tor each of
the four gases was calculated. The mass spectrometer sensitivity, Sms(x) for

any pure gas (x), is defined as

T (x)
S (x) = -2
ms i P(x)
ms
where Ims(x) is the positive ion current of the mass spectrometer for a
particular peak (usually the parent peak) in the pure gas mass spectrum, ims
is the electron emission current, and P(x) is the gas pressure.
The mass spectrometer sensitivity relative to nitrogen is given in Table
H-I for each gas normally found in the residual gas mass spectrum, Values
for gases other than those for which direct calibration was made were obtained
by extrapolation or interpolation., Also shown in Table H~I are the ionization
gange sensitivities relative to nitrogen. These values were obtained from

various literature sources.
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APPENDIX I

CALIBRATION OF W-3Re/W-25Re THERMOCOUPLE WIRE

Calibration of the thermocouple wire used on the T-111 Corrosion Loop
was conducted in a high-vacuum environment with .ample thermocouples made
from the same spools of wire which were used to instrument the loop. This
is the same wire used to instrument the Cb-1Zr Corrosion Loop. A complete
description of the apparatus used, procedures, and test results have been

(33)

previously reported.

The W-3Re (Material Control No, 465) was purchased from the Lamp Metals
Components Department of the General Electric Company, Cleveland, Ohio. The
W-25Re wire (Material Control No. 453) was purchased from Hoskins Manufacturing
Company, Detroit, Michigan.

Calibration of the thermocouple wire was performed in the ultrahigh-
vacuum thermocouple test facility shown in Figure I-1. Two Pt/Pt-10Rh
reference thermocouples were used for the calibration. Four sample thermo-
couples of W-3Re vs W-25Re were calibrated against the platinum couples in
the thermocouple bundle shown in Figure I-2, Threc of the hot junctions
wvere formed by spot-welding the individual wires to the Ch-1Zr tube in the
same manner as was used in the loop instrumentation. The fourth thermocouple
was formed by twisting the alloy wires together. Both types of junctions

are c¢vident in Figure I1-2.

Calibration data were obtained during three temperature cycles. During
these runs, the pressure in the calibration chamber varied between a low
of 2 x 108 torr (3 x 10°° N/m2) at 400°F (204°C) and a high of 6 x 107 °
torr (8 x 10" % N/m%) at 2400°F (1320°C),

In the reduction of the calibration data, a difference parameter is used

in order to facilitate curve plotting and to permit use of an expanded

(33) hoffman, E. E. and Holowach, J, "Cb-1Zr Rankine System Corrosion Test

Loop," Potassium Corrosion Test Loop Development, NASA CR-1509, May 1968,
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Cb-1Zr
Foil Strap

Two Hole - 0.0627 OD j '
A1,04 (99.5%) Insulator : k ‘
. ’ v

Two Kole - 0.032" OD
BeO (99,.5%) Insulator

W-3%Re/W-20%Re
Twisted Thermocouple
with Twisted
Junction

e

e

wW-3%R¢/W O%Re
___ ——— Grouud d Junction
Thermocouple

Four Hole Alumina
; Insulator with Twu
Cb-17Zr Tube

Lo Pt/Pt-10%Rh Thermocouples

0.25" Obh

in Calibration of W-3Re. W-206Re
(Orig. C65031521)

Figure 1-2. Thermocoupie Bundle Uscd
The rmocouple Wire,




scale. The difference parameter (in millivolts) is defined as

1(°F)
difference parameter = 100 - EMF (mv)

The curve showr in Figure I-3 is an average of all data points taken

during three temperature cycles over the range from 80o to 2400°F (2f)to
132000) for two thermocouples with different hot junction configurations
but from the same spools of alloy wire. All but 8 of 35 stable points

fall within 4°F of this line. Maximum deviation 6f any stable point from
the line (up to 2200°F, 1200°C) is 9°F (5°C). The actual values used to
define the curve are listed in Table I-I. These are not actual test points
but were picked off of the best line through the test data so that linear

interpolation between any two poin+s would cause a maximum error of O.5°F
o
(0.28 C).

I+ is of interest to compare the thermocouple output, as oktfained in
this calibratinn, with similar data from other sources. A table of EMF vs
temperature for W-3Re/W-25Re thermocouples is available from Engelhard
Industries, Inc.(sé) A comparison of the thermocouple EMF from the present
calibration with the Engeinard data is given in Table 1-II, It should be
noted that the general variation of EMF with temperature is the same for
both sets of data. The difference between the present calibraticn and the
Engelhard data reaches a maximum positive value at about GOOOF (3200C)
with a difference of ~.100 mv which is equivalent to a temperature difference
of about 10°F (5.6°C). At about 900°F (480°C) the EMF's are the same, and
at higher temperatures, the Engelhard data shows higher EMF than the present
calibration. The difference reaches the largest negative value at about

2000°F (1100°C) with a difference of -0.152 mv which is equivalent to a
temperature difference of about 14.8°F (8.2°C).

It should be emphasized that this comparison does not confirm the
accuracy of the present calibration. 1t does serve to exemplify the agree-
ment which might be expected between W-3Re/W-25Re thermocouples of different

lots and subjected to different processing history.

34) Electromotive Fo.ce vs Temperature for W-3Re,W-25Re Thermocouples,
Engelhard Industries, Inc., Research and Development Division - Final
Evaluation of November 1, 1965.
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TABLE I-I

CALIBRATION DATA FOR W-3Re/W-25Re THERMOCOUPLE WIRE

Difference(a) Total Output ig o

;[‘emperature Parameter, Millivolts with 32°F (0 C)

r _C Millivolts Reference Junction

32 0 0.320 0

100 37. 0.587 0.413

150 71 0.790 0.810

200 53 0.908 1.092

25C 121 1.028 1.472

300 149 1.126 1.874

350 177 1.196 2.304

400 204 1.253 2.747

450 232 1,298 3,202

480 249 1,315 3.485

510 266 1,324 3.776

610 321 1.338 4,762

670 354 1.339 5.361

730 388 1.330 5,970

790 421 1.313 6.587

830 443 1.296 7.004

900 482 1.251 7.749

950 510 1.215 8.285
1000 538 1,173 8.827
1100 593 1,073 9.927 |
1200 649 0.961 11.039
1300 704 0.8L° 12,160
1450 788 0.662 13.838
1650 899 0,416 1€.084
1750 954 0.300 17,200
1850 1010 0.193 18.307 |
1950 1066 0,092 19.408 |
2050 1121 0.0 20,500 f
2150 1177 -0.086 21.586 ;
2250 1232 -0,167 22,667 }
2350 1288 -0,240 23,740

(a) T |

Dif ference Parameter = Jam = IMF |
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TABLE I-I1

COMPARISON OF W-3Re/ -25Re THERMOCOUPLE EMF WITH VALUES
OBTAJNED AT ENGELHARD INDUSTRIES, INC.

Temperature(a) EMF Output, mv
. 0F 0C This Calibration Engelhard(b) Difference, mv
32 0 0.0 0.0 0.0
100 37.8 0.413 0.386 0.027
200 93 1.092 1.058 0.034
300 149 1,874 1.824 0,050
400 204 2.747 2.674 0.073
500 260 3.679 3.596 0.083
600 316 4.663 4,563 0,100 1
700 371 5.666 5.579 0.087 ‘;
800 427 6.691 6.649 0,042 :
9ne 482 7.749 7.745 0,004
1000 538 8.827 8.843 -0,016
1100 593 9.927 9,957 -0,030
1200 649 11,039 11.084 -0,045
1300 704 12.160 12.220 -0,0606
1400 760 13.279 13,362 -0,083
1500 816 14,399 14,504 -0.105
1600 871 15,522 15.638 -0.116
. 1700 927 16.642 16.769 -0.127
; 1800 982 17.753 17.895 ~-0.142
] 1900 1038 18,857 19,005 -0,148
; 2000 1093 19.954 20,106 -0,152
3 2100 1149 21.043 21,194 -0.151
. 2200 1204 22,126 22.273 -0.147
2300 1260 23,203 23,318 -0.115

(a)Basnd on Internaticnal Practical Temperature Scale, 1948.

(b)Engelhard Industries, Inc., Research and Nevelopment Division -
Final evaluation of November 1, 1965.
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APPENDIX J

FAILURE MODE AND EFFECT ANALYSIS

The purpose of a failure mode analysis was to achieve a reliable

system design through a cystematic, gualitative approach that provides

a means of taking preventative action in advance of the actual construction
or operation of the system. The analysis encompasses the materials, com-
ponents, and support equipment of the system and attempts to define the
possible modes of failure or malfunction which would jeopardize the test
and the action taken to improve the reliability of the system. Also given
in this Appendix is a description of the principal loop components and of

the test protection system.

1. PRINCIPAL LOOP COMPONENTS

In the primary circuit, the lithium is discharged from the EM pump and
fiows through an electrical resistance heater to a tukc-in-tube counterflow
boiler where heat is exchanged to the potassium of the secondary circuit.

The lithium flow rate is measured by a permanent mag: 2t flowmeter as it leaves

the boiler on its return to the inlet of the EM pump.

In the boiling and condensing seccndary loop, the potassium is discharged
from the EM pump through a permanent magnet flowmeter and into ¢ne preheater
where the tempcrature of the potassium is increased to its saturation
temperature, approximately ZOOOOF (109300). It then flows into ‘the tube-in-
tube counterflow boiler. The liquid potassium is converted to vapor with
IOOOF (SGOC) superheat and passes through the first nozzle and impinzes upon
the test blade specimen. The superheater vapor passes through the crossover
section where it rejects heat by radiation to the chamber wall to lcwer its
guality to 88 percent. The vapor then passes from stages 2 to 10 of the
turbine simulator to the finned tube radiant ccndenser. The condenser fin
is coated with iron titante to increase its emittance to 0.86. In the con-
denser the vapor is converted tack to liquid and emers the sutcooler reservoir

before flowing into the EM pump.
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A description of the principal lcop components follows:

Lithium Primaryv woon

Li thium Pump
Type - Helical induction electromagnetic puup;
Mfr. - Medium A.C. Motor and Generator Dept., General Electric Company;
. Model - 5KY414PB2; .
Rating - 1.29 gpm (0.29 m3/hr) at 100 psi (689 k N/mz) head at
2200°F (1204°C);
5.0 gpm (1.13 m3/hr) at 20 psi (138 k N/mz) head at 2200°F
(1204%c);
Duct Material - T-111;
Power Supply and Ccntrols - 480-volt, 3-phase, 60-cycle power sysvem -

motor-operated autotransformer with manual or automatic control.

Lithium Flowmeter

Type - Permanent magnet;

Mfg. - Space Power and Propulsion Section, General Electric Company}

Magnet - 3000-gauss, Alnico V, stabilized and calibrated to 900°F (482°C);

Flow Tube - 0.375-inch (0.95-cm)-OD x 0.065-inch (0.16~cm) T-111 tube;

Insulation - 10 layers of dimpled Cb-1Zr foil, 0.002-inch (0.0V5-cm)-
thick by 0.5-inch (1.2-cm)-wide;

Temperature - 22000F (120400) maxium;

Accuracy - I percent (calculated,

Lithium Heater

Type - Electrical resistance, two 4-inch (10-cm)-diameter helical coils
in series;

Tule Material - 0.375-inch (0.95-cm)-OD x 0.065-inch (0.16-cm)-wall
T-111, total developad length of 101 inches (2.56 m);

Temperature - 2200°F (1204°C) maximum;

Power Supply - Combined temperature recorder and controller with a
saturable reactcr and stepdown current transformer, single-
phase ac, 440-volt primary, 5-volt secondary;

Rating - 20 kva, 4000-ampere secondary.
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Surge Tank

Size - 6 inches (15.2 cm) OD x 10 inches (25.4 cm) long;
Material - Cb-1lZr;

Tank Capacity - 234 1n3 (3840 cc);

3
Loop Capacity - 138 in. (2280 cc);

Inert Gas System

Gas - Ultrahigh-purity argon, 99.999 percent,

Regulator - Stainless steel, metal diaphragm;

Valves - Stainless steel, bellow seal;

Vapor Collector - Stainless steel cylinder 30-ml capacity;
Bimetallic Joint - Brazed Ch-1Zr to stainless steel;

Connecting Tube - 0.375-inch (0.95-cm) stainless steel TIG-welded

construction.

Potassium Secondary Loop

Liquid Potassigm_?wnp

Type - Helical induction electromagnetic punp;

Mfg. - Medium A.C. Mctor and Generator Dept., General Electric Company;
Model - 5KY414 PFI;
Rating - 0.116 gpm (439 cms/min) at 200 psi (1380 kN/mz) head at
1200°F (649°C);
0.290 gpm (1098 cms/min) at 150 psi (1032 kN/mz) head at
1200°F (649°C);
Duct Material - T-111 tantalum alloy;
Power Supply - 489-volt, 3-phase, 60-cycle power system - motor-operated

autotransformer with manual and automatic control.

Flow Contrel Valve cnd IEEEEEE?R,!?}YE

Type - 3,8-inch (0.95-cm) manual, bellows seal;

Model - Cb-442 MOD 3 (as modificd by General Electric Company);
Mfg. - Hoke, Inc., Cresskill, New York;

Rating - 215 psi (1480 kN/mB) at 1200"F (6490C);

Orifice Diameter - 5, 32-iuch (C.-i-am);
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Material - All wetted parts are T-111 except the Cb-1zr valve bellows
and the Mo-TZM alloy plug. All seals are of welded construction,
All threaded parts of valve assembly are refractory metal vs
refractory metal or refractory metai vs stainless steel. Valve
stem guide consists of a 0.125-inch (0.32-cm) pitch ball bearing

*
screw assembly with 1/16-:nch (0.16-cm) tungsten carbide balls.

Potassium Flowmeter

Type - Permanet magnet;
Mfg. - Space Power and Propulsion Section, General Electric Company;
Magnet - 3000-gauss Alnico V, stabilized and caliktrated to 900°F (48200);
Flow Tube - 0.375-inch (0.95-cm)-OD x 0.065-inch (0.16-cm)-wall T-111;
Insulation -- 10 layers of Cb-1Zr foil, 0.002-inch (0.005-cm)-thick

by 0.5-inch (1.3-cm)-wide;

+
Accuracy - - 8 percent calculated.

Pressure Transducer

Type - Stressed diaphragm;
Mfg. - Space Power and Propulsion Section, General Electric Company;
Material - T-111;
Recorder - Model 150, Sanborn Division, Hewlett Packard, Response -
10 millisecond fuli-scale;
Rating - Pressure - 0-235 psi (0-1620 kN/mz),
Temperature - 0 to SOOOF (-18o to 427°C),

Response 10 miliiseconds,
+
Accurney - - 1 percent full-scale;

Power Supply - Consolidated Controls Corporation, Bethel, Connecticut.

Pressure Transducer (5 required)

Type - Slack diaphragm;
Mfg. - Taylor Instrument Company, Rochester, New York;
Material - T-111 diaphragm and housing, stainless steel NaK-filled

capillary and bourdon tube;

Saginaw Steering Gear Division, General Motors, Saginaw, Michigan.
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2
Rating - Precsure - 0-235 psi {0-1620 kN/m7),
O 'o Y
Temperature - 2000 F (1093 Cj,
+ [¢] <
Acciracy - < 1 percent at 77 F (25°C),
Response - 1 second.

Recorder - Typ: HF, Gene: Electric Company, response time - 1.5

se.onis full-scale.

Potassium Preheater

Type - Llectric resistance, two 4-inch (1¢.0-cm)~-diameter helical coils
in series;
Tube Material - 0.375-inch (0.95-cm)-0D 0.065-inch (0.16-cm) x
74-inch (188-cm)-long wall, T-111 alloy;
Electrode Material - Tantalum bar;
Temperature ~ 77° to 2000°F (25° to 1093°C);
Power Supply - Pruportional temperature-controlled and silicon-controlled
rectifier stepless power unit with a stepdown current transformer;
Rating - 5 kva, 1000 amperes.

Precision Wattmeter

Type 15 kilowatt wattmeter;
Ranges - 0 - 1500 watts,
0 - 4500 watts,
0 - 15,000 watts;
Current - 3000 amperes rms maXimum;

Mfg. - Scientific Columbus, Inc., Columbus, Ohio.

Potassium Boiler and Superhealcr

Type - Tube-in-tube, counterflow with cntrance plug;
Lergth - 250 inches (6.35 m) long arranged in a 10-inch (25.4-cm)

helical coil;

Construction - Outer tube - 1,00-inch 2.5-¢cm) OD x 0.100-inch (0.25-cm) wall.

Inner tube - 0.373-inch (0.95-cm) OD x 0.065-inch (0.16-cm) wall,
o
Spacers - triform, spaced G0  apart,
Plug - 18-inch (15H.7 em)- long, 1,16-inch (0.16~cm)-diameter
)
wire helicarly wound (I-inch { 2.54-cm pitch) on
a 1,8-inch (0.32-un) rod;
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Material - T-111;
Rating - 4C 1b/ir (88 kg/hr) of potassium vapor at 2050° (1121°C)
boiling temperature plus 1000F (5600) superheat.

Turbine Simulator

Type - Fixed nozzle and blade assembly;
Material - Nozzle - molybdenum alloy TZC,
Rlades - molybdenum alloy TZC and columbium alloy Cb-132M,

Housing -~ T-111;

Turbine Nozzle Stage Test Conditions*
Design Throat Inlet Pressure
Nozzle Velocity Pressure, abi; Drop
Number ft/sec m/sec Quality psi kN/m psi kN/m
1 1000 305 100°F(56°C)S.H. 175 1222 - - |
2 86% 144 1005 21 145
3 to 117 816 27 186
4 88% 95 655 22 152 1
5 77 530 18 124 }
6 62 428 15 103 ,
7 50 345 12 82
8 410 276 10 69
9 32 221 8 55
10 \Y; v \Y 25 172 7 48

Inlet Temperature - 2150°F (1177°C);

Exit Temperature - 1400°F (7600C):

Flow Rate - 40 lb/hr (88 kg/hr};

Heat Rejection - Between sages 1 and 2 -4000 Btu/hr (1.2 kw)
radiantly rejected from 14.5 inches (36.8 cm) of uninsulated

l1-inch (2.54-cm)-0D T-111 crossover tube.

radiantly rejected from turbine simulator shell with one

Between stages 2 to 10 - 1300 But/hr (0.28 kw) }
layer of Cb-12r foil (¢ = 0.2). j
i
i

Potassium Vapor Condenser und Subcooler

Type - Finned, single-tube;
Matexial - T-111;

Property data used obtained from NRL Report 6128, August 1964,
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Construction - Tibe - 0,423-inch (1.07-cm)-ID drilled bar,
7in - two 1l/4-inch (0.64-cm)-thick x 4-inch (10.2-cin)-wide
fins with FezTiO5 coated surface (¢ = 0.86);
Length - 58 inches (147 cm);
Entrance Velocity - 350 ft/sec (106 m/sec);

Heat Rejection Control - Manually operated shutter assembly.

Subcooler Reservoir

Size - 2-inch (5.08-cm)-OD with 0.25-inch (0.64-cm)-wall x 4-inch
(10.2-cm)-long;

. . . 3
Capacity - 6.2 in. (103 cc);
Material - T-111.

f
Surge Tank
Size - 6-inch (15.2-cm)-CD x 10-inch (25.4-cm)-long;
Material - Cb-1zr:
Tank Capacity - 2341 in.3 (3840 cc);
Loop Capacity - 139 jn.3 (2282 cc).
Inert Gas System
Gas - Ultrahigh-purity argon, 99.99 percent;
Regulator - Stainless steel, metal diaphragm;
Valves - Stainless steel, bellows seal;
Vapor Collector - Stainless steel, l.h‘—in.3 (30-ml1) capacity;
Bimetallic Joint - Brazed Cb-1%r to stainless steel.
} Vacuum System
Vacuum Chimhber
y Size - Bell Jar - 128-inch (325-am) high x -B8-inch (122-cm) diameter,
Swinps C o aG-inceh (Ll7-cm) high x 48-inch (122-cm) diameter,
spool - 94-inch (6l-e¢m)  high x 48~inch (122-cm) aiameter;
Volume - 210 cu £t (H.91 IH:{);
Ultimate Pressare - o X lu‘l] te e (60X 1()-9 N:mz);
Operating Prossure - 1 x lU‘H tove (1 x lU-G N/mz);
Bakcout Temperature - SUUUF (Qﬁuﬂc);

Gaskoets - Copper secal,




Pumping System

' Rough Pump - Type - Turbomolecular,
Model - 3102A,
Pumping Speed - 260 liter/second,
Blank-off Pressure - 2 X 10—9 torr (2 x 10_7 N/m2),
Mfg. - Welch Scientific Company, Skokie, Illinois;

Ultrahigh-Vacuum Pump - Type - getter-ion,
Speed - 2400 liter/second,
- Pressure - 1 x 10-2 (1 N/m2) X 10”11 torr
oz 10-9 N/m2);
Booster Pump - Type - Optically baffled titanium sublimation pump,
Number -~ 4,
Speed - 100,000 liters of hydrogen/second at
1 x10°° torr (1 x 10°° N/m?),

2

-~ -11 -9 2
Operating Pressure - 10 to 10 torr (1 to 10 ~ N/m );

Pressure Measurement

Total Pressure - Type - Nude ionization gauge,
Mfg. - Varian Associates, Palo Alto, California,
-3 -11 -9 2
Range - 10 to 2 x 10 torr (10 to 2 x 10 N/m),

+
Accuaracy - - 6 percent;

Partial Pressure - Type - Permanent magnet partial pressure analyzer,
Mfg. - General Electric Company,
Pressure Range - 10—‘1 to ]0_14 torr (10.2 to 10_12 N/mz),
Mass Range - 2 to 50 amu,

Magnet - 3000-gauss, bakeable Alnico V.
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2,  TEST PROTECTION SYSTEM

The test loop control system includes safety circuits designed to
protect the loop in the event of a malfunction of the control equipment,
operator error or the loss of electrical or water service to the test area.
The safety circuits listed below are checked during low-power test ruas
at the start of the test operations. Af ter the final checkout, no safet)
circuit may be made inoperative or bypa:sed in subsequent test operations

without permission of the Project Engineer or the Program Manager.

Loss of Cooling Water to Vacuum Chamber and Power Feedthrough

loss of cooling water to the vacuum chamber facility can result in
overheating and possible damage to the ceramic-metal seals.of the electrical
power feedthroughs and an increase in the chamber pressure due to outgassing
of the chamber walls., In the event of a loss in the water flow, an electro-
mechanical switch on the water supply inlet will interrupt the electrical power

supply to the preheater and heater before permanent damage can occur.
dertemperuturgﬂgg_lemary Loop

If for any reason during loop operation, the maximum design tempera-
ture of the primary circuit is exceceded, an overtemperature circuit activated
by the heater outlet temperature thermocouple will interrupt the electrical

power to the prehecater, heater, and EM pumps.

EM Pump Winding Overtemperature

The primary causc of an overtemperature of the stator of the EM Pump
is the loss of cooling aiv which is required ic remove the heat generated by
12R losses in the stator winding. The air supply is delivered by a separate
blower which can develop bearing or motor problems resulting in either total
or partial loss in performance. In the cvent the windings do exceed their
design temperature, a themmocouple attached to the windings activates a

safety circuit which will interrupt the preheater, heater, and EM pump power.

Vacuun Chamber Leak

Endurance testing of refractory alloy, high-temperature alkali metal
. -8 -6 PN
test loops requires a vaouunm enviromwnent of 1 x 10 torr (1 x 10 N,m,

or less to prevent the contamination of refractory alloy coaponents, In
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the event of a large air leak or sudden increase in the chamber pressure,
two independent safety circuits are activated to protect the loop from

excessive oxidation.

The first circuit is activated when the chamber pressure exceeds 120
percent of the full-scale range of the ion gauge (usually set at 10 ° torc
-4 2
[10 N/m ]). The ion gauge overpressure relay interrupts the electrical

power to the EM pump, preheater, and heater.

The second safety circuit consists of two overpressure relays connected

in series and operated by the ion pump current and the jonization gauge
power supply. When the ion pump current increases to an equivalent pressure
of 4 x 10—6 torr (5 x 10_4 N/mz), the first relav of the safety circuit
closes. If the pres.ure continues to rise to 4 X 10—4 torr (5 x 10-2 N/mz),
a éecond relay activated by the jonization gauge power supply 1is closed and
complates 2a 110-v electrical circuit which fires an explosive valve and
releases high-purity argon gas into the vacuum chamber to protect the loop

from contaminating gases.

Partial Pressure Gas Analyzer

The residual gas in the vacuum chamber is intermittently scanned with
a partial pressure gas analyzer during the test startup and subsequent test
operation to determine its qualitative and quantitative composition. The gas
analysis is usually taken daily during the steady-state operation but is made
more frequently during the startup of the test. The partial pressure gas
analyzer can be a most valuable tool in determining the source of the residual
gas. By a comparative analysis of the residual gas composition with previous
test runs, it can easily be determined if the gas source is the normal out-
gassing of the loop as the operating temperature is increased, 2 water leak
in the vacuum chamber cooling system, an air leak in the vacuum chamber feed-

throughs, Or back-streaming from the ion pump.

The partial pressure gas analyzey can be used as an extremely sensitive
leak detector to pinpoint leaks in either the feedthroughs or flange joints.
Helium gas jsusually used in leak checking the vacuum sysiem although other

gases can be used.
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3. FAILURE MODE ANALYSIS

The gencral purpose of the failure mode analysis was to evaluate the'
design and prouposed operation of the Corrosion Loop (T-111) System in advance
of fabrication to elucidate the possible ways the components could malfunction
or fail. This qualitative analysis provdes a means of making changes in the

design or operation before the initiation of testing and thereby increasing

the reliability of the system.

The prima.y objective of the test loop is the metallurgical evaluation of
refractory alloys in a boiling and condensing potassium environment which will
simulate projectcd space electric power systems. The structural design approach
was therefore very conservative in the allowable stress of the alkali metal
tubes and weldments. Special empbasis was placed in thne preparation >f a com-
prehensive material and process specification* for the procurement of refractory
alloys and a specification for the procurement and handling of alkali metals.

A quality control plan** was also issued for the control of raw materials

and test components during the fabrication of the test loop.

The failure mode analysis was performed on compenenrs of the Corrosion

Loop I (T-111) Systew under three (3) major categories namely:

Alkali Metal Purification and Handling Equipment;
B. Corrosion Loup I (T-111);

Auxiliary Test Equipment.

The Failure Mode Anaiysis sheeis cnclosed identify each component with

its function and operational requirements.
Failure Mode - describes the possiovle ways the component could fail,.

Mo hiod of Detection - the indication that shows a failure or a mal-

funce¢ion has occurred.

Specification for Advanced Re.ractory Alloys, NASA CR-34761,

* ¥k
Quality Control Munual_égvggggﬂmﬂpfruqigggméllgxmporrosion Loop Prograr,

GE 08.100.01, Rev. No. 1.
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Failure Effect - the effect that failure has on the operation of the

next higher assembly and po

ssible effect upon the operation of

the overall Llest system.

Action Taken tc Improve Reliability - the steps that have been taken

in the design cr proposed operation of the components to reduce

the probability of a failure or a malfunction,
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FAILURE MODE ANALYSIE SHEETS

a. ALKALI METAL PURIFICATION AND HANDLING EQUIPMENT

1. Lithium Hot Trap

2. Lithium High-Vacuum Distillation System
3. Lithium Transfer System

4. Alkali Metal Sampling System

5. Potassium High-Vacuum Distillation System

6. Potassium Hot Trap and Transfer System

401




STy T T

‘dn payotd aq IydTw yYLITUA
s1UaWaTe OTTTE1IAW JIUEB 3AJWDIT TITA UOTY
~B11T1SIp Juanbasqng “U3NEB] UOTIOE ON

“(_ e N 01y Isd €T pue Aooﬂnmv

d cmh 03 oaniexadmal aafea JITWIT

(o)
"unTYITT Yita
SUITTT) SI058q Paxdayd Heal juawd Inby
©1O0T]1TPUOD SSIILS 0XdZ (TTBTIUISSI
1e ajexado o1 pauStsep iuaudinbiy

JO YOBIIE UOISOAI0D IUSIIS

s 1ouuosaad 03} Lanfut a1qrssod
pue juoud tnba 031 2dewnq

*aipog SS 91€

3A0QE St JWes

frquossesip iq uctidadsul

2A0QE S¥ JUWES

‘ad1I pue ajous
‘aanssoaad uodxe joO SsSU]

OF POOR QUALITY

ORIGINAL PAGE IS

aanjie}
I3UT] wniuslll

saridnx
Sm07120 eATEA

aaniTey pIaM

300K 3¥N11VE (1)

NOI11D3130 4C QOHLINW (2}

usdoxyIN JO Burlxei1ian Aq wniylril jo uorjedryrand

NQ 11NN

AL1M19Y1734 3ACHdWI OF N3IXVL MOLLDY (h) $123443 3¥N1Ivd {€)
WALSAS
A 918) 4 _00GT 3® WNTHITT Jo (3% 91) SAT S€ 19333 1283€9%
(0,918) 4,0 ( ) £ 9 NOTLVOIATHAd WAIHLIT ¢
SINIWININOIY TYNO1LVY3I40 ASSY 33HIIP LXAN “ON 9
(1-®) dVil JOH W1IHLI1

1H3NO4H0D

SISATYNY 1G0W 3aN1IY:

402




‘sanieiadwsl pue axnssaad
a1grssod 31SsM0l 18 apeu uotiBIado
s 1ounosaad pue juawdrnba
1oe3j0xd 01 pappe sprotys f1ajes

114

* (ouunosxad Jutryieadoado v
{inful 10 1waudinbe 0y afewrq

asdeqeal

ALITISYIT3H JAONWI OL N3IMYL NOILDY (W)

$123443 WAIVL (€

NO11D313G 0 QOHLIIW 1Z

Aooowmv

d.,00¢ 12 adeqrar] [BULDI XY OX3Y

SLNIW3YINOIY TYNO | LY¥3dO

doorg

0} T1T1S wOX] YNIYIT] dajsuea]

R |
iy | c@anfie; JeINICNAlR
300W 3¥NT1v3 (T
e pealete ‘e ———————— rl“&
1 1001 NOISOWMIOD £Z%1£9C
ASSY ¥IHOIW 1X38  _"Jw O,

(e-v

s 1auuovsaad pue 1uowd 1nbo
132101¢ 031 poppe spilaiys L19Jes

TS USUBINSBHL
erep aanssaad aoj 1d20X0 WIS AS
T30 PIATEA afned uot yita or1ex3dQ

‘guotiedado uUOIIN[IIISIP
118 Hutanp pauuocsiad patjrrenb
S 2OUBT]I8AINS 1UE1ISUOD UreluTey

‘1euuosaad puv yuaud tnba
1oa100d 01 poappe spratys {18jeS

NOILONNA|

|
_
|
i

spouuosyad oy sanlut AT IS0
pue juondinbe 03 odeweq

‘oa0(E SE

WaSER

csiurol orpTvIBwTY pue
watrcis unnoeva ysty o1 adeweq

sraouucsaoad
quirexado o1 fanfut argqrssod

pue 1udwdtinba 01 8v Tued

RN rn

1 porteduooon wes

-aaniexadun;
duriegsdo udIsap Ascq®
asta aanreradus (BLICUAY

PR ERHUR At RN

HEST wWntuyl T

) WALSKS WAASNVHL HHTTI

1NINCSHO)D |

caanidng
I¥ATAL AT I T-G)

Tyity

[ Iy raan,dna afned-uoc]

"I221000a
pUE JIANU2PUGD
J¢ AUTIBIYIIAO

saanTrel jurtol
RS R LAL RGNS 108 -3

SMOT T2 2A1EA
carnyte; pram 10d

ALIN18YII3Y FA08dWI 0L NIIVL ROILDY (%)

§1203443 WOV IVS (€

— i ——

NO11D3.30 40 OOHLI3W (2!

ICON 3MIEvd 3

AoovOFV A.00ET 1B WOTIu(1 (IS wnnaey ity

SLNIW3NI10D3Y TYNO1iY¥3d0

WALSA®
AOLLVOT I WATHLIT
ASSY ¥IHOIH LX3N

[WGHALC

WOTIBLTIIS T

£ wnTy3vl O u0IIEIT AN

NO | LONN4

(z-t) WILEAY YO LVITTLS (4 W10V v=HOTH

“ON 9™

NI
1NINOIHOD

SISATYNY 100W 3¥NTIV4

AL PAGE 15

OOR QUALITYl

)

rriG

403

ot P




|
roanisaadwa ) pue aanssoad
ATtssod 1S0MO[ 18 opeu uoTiIBIado
11t Crouuosaad pue juawmd nba *1ouuosgad duiljerado oy
tonqoad 01 pappe sprotys ayajes|aanfur go juswdinbo oy oHewer] *aodeqes ] LNTISSEIGH | "3INTTIBY [BINIONIIS
b ——- —
ALITISYIT3Y 3A0NdNI OL NINVL NOELDY () $123443 WM IV (€) N0D112313Q 40 QOHL3N (2Z) 300K 33NTLYd (T)
v\llw’. ST ST T T T — preinimash T _ =
(D 49Z) Jd.00C 1v¥ oHcqUI 1BUIIIXH I3V, 11949%¢
O
b e e . SLNIH3YIND3Y YN0 ILY¥340 ASSY E3IHDIH LX3IN -ON 91
door] o) DALYy UNISSE10J JO a0 JSULL] pue ucijeov) 1nd (9~-e) WALSAS Y4ASNVYL (NY <VHL LOH K1ISSV1Od
L . o i ___NO1LONN . LN3NOWOD |
*1ouuosaad durjexodo pue
‘uonivaodo snopaezey duranp posn yuowd 1nbo 03 odeuwsp dyqrssod ‘3I71)] 10 3youws
S0 (10(a oatioorord pue sproyys Ljojes| pue afaeys unisserod jo ssojunissejod snid wnndas jo sso] jea1 1usuodwo)
—_———— - e U S !
ALITIEYIT3Y JA08dKWI OL NXYL NOILIY (h) S103343 34M11vd (€) NO1123130 JO QOHLZW (2) 300 34MIvE () _
T T WILSXS
i ) d.002 1t ofeyeor BUID XY OIDY . . [$Y4:2: ] 44
$OTLE) 000 et 1 odez NOTLYDTATHAd WAISSYLOd ¢
L SINIW3NINO3Y TYNOILYH340 L ASSY ¥3IHIIH 1X3N “o% 9M
UCTIRTTS U] sq WRISSPI04 JO Uuorjeslyrand {e-e) WILSXS NOILLVITILSIC WANOVA HOIH N1ISSVIOd
L L NO | LINNS 1HINOSHOD
| S
! - B
“(,.0,10Z § 4 oot
B s=0) asangeaadao SRR SIS D *oaT1a0p Surtidwns o3 oSvaep ToOX T a6
TEOUaUY G A it o apdnes arqrissod pur a2T1dwes Jo SSO} S unNTyIIT] 1TA HEDT ATV *oanTiey 110daoTA
ALITIBYINIY 3A0HdW] 04 N3NYL NOLLDY () $123443 3MNTivd (€] NOI1L1J313Q 30 QOHi3W (2} 3Q0W 33NT1Y¥4 (1)
w «,oocwmv d 009 0V 2FEYPOT [CUIIING OIDY, 400T \NOISOQUYHOD vieaitre
SINIHININDIY TYNDILYHILO ASSY NINDIH LAIN “ON 9M0
L - R S L
doorg asa] wod | (B0l T{ey[y Jo supdues univiqo (P-T) WILSAS ONIIdIYS TVLAN ITYIV
NOtLONNS . ANINOSHOD

SISATYNY I1GOW 33N11IVd

404




FAILURE MODE ANALYSIS_ SHEETS

CORROSION TOOP 1

(8] [ =

W

[#1)

~]

10,
11,
12,
13.
14.

Lithium M Pump Duct Assembly
Potassium EM Pump Duct Assembly

12R Lithium Heater

12R Potassium Preheater

Pressure Transducer (Slack Diaphragm)
Pressure Transducer (Stressed Diaphragm)
Potassium Metering Valve

Potassium Isolation Valve

Boiler Assembly

Turbine Simulator

Potassium and Lithium Surge Tanks
Condenser-Subcooler

Argon Pressurization System
Permanent Magnet Flowmeter

Condenser Shield
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FAILURE MODE ANALYSIS SHEETS

AUXILIARY TEST EQUIPMENT

W N

vacuum Chamber System
Electrical Power Feedthrough
Loop Support System

Leater Power Supply
Preheatex Power Supply

EM ump Power Supply

Argon Flooding Syus.=a

Thermoconuples
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APPENRIX K

REMOVAL, REPAIR, AND REFLACEMENT OF TME T-111 BOILER

As indicuted in Scciion VIII, Pretest Operation, of tihis rep-rt,

a leak between fthe potassium ard 1ithium circuits in the boiler was
discovered during the initial attempt to reach the test conditions. Con-
siderable effort was expended in the analysis of the problems which
required shutdown of the loop and the subsequent actions taken to put

the loop back into operation without jeopardizing the objectives of the
test program. The repair of an all-refr.ctory alloy loop after exposure
to alkali metal had not previously been demonstrated anywhere success-
fully. Many new techniques had 1o be developad to accomplish this task.
The work performed is described in considerable detail since similar
techniques could be employed in repair or replacement of sections of any
refractory alloy - alkali metal system. Such techniques were subs:quently
utilized in the vreplacement of a test section in the 19000F Lithium Loop
which was also part of this contract (NAS 3-6474).

1. Techniques Zmployed_to Drain and Analyze the Alkali Metals from
the Loop

Following the plngginé problems which caused loop shutdown, as
descrived in Section VIII, a sampling and distillation system was designed
and fabricated to gravity-drain the potassiws from the surge tank 1n a
manner to trap any particulate matter for subsequent analysi.. This system,
shown schematically in Fipure K-1, was attached to the loop system at the
potassium [ill va've (KK). The campie tube consisted of a 36-inch (Yl-cm)
length i 1. Z-inch-OD x 0,020-inch-thick-wall (1.27-cm-0D x 0.050-cm-thick-
wall) Tvpe 321 stainless steel tubing and was connected, as shovn in Figure
K-1, to assure that the sample tube would be tilled during the draining
operation. The transfer line, connecting the sampler to valve KK and the
still pot fill valve, was made of 1, 0-1pch-0D x (1, 050-inch-thick-wall

(1.27-cm-0OD x Q. 15%-cm-thick-wall) Type 321 stainless steel tubing.

The still was desipued with a filings' hicld,” such that the top
could be cut off without introducing metial filing s s1nto the still. The

still pot had a capacity of 4800 ce and the receiver had a capacity of
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51C0 cc. All valves were welded, el lows-sealed, Tvpe 316 stainless steel.
Prior tec draining the potassium from the surge tank into the still, thc
still system was biaked out ai temperatures from 2000 to GOOOF (930C to
31600) until the pressure rise rate wis less than one micron-liter per

minute,

The potassium wus subscquently drained and sampled. The potassium
surge tank was first pressurizced with argon to force the potassium into the
loop. The EM pump was turned on and an immediate, but low, potassium flow
rate wus established in the forward flow dircction (the loop was previously
shut down with the poutassium loop coripletely plugged). The loop was
immediately dumped into the surge tank and then retfilled with a marked
improvement in the potassium circulation. the - rocess of filling, circulating,
and dumping the loop was repeated Live times with a 30~-minute dwell time

in the surge tank te allow any particulate matter which might be present to

settle out in the surge tank. After the f10th dump, the potassium was drained

from the surge tank as described below.

Th> line from valve KK (Sce Figure k-1) to the loon surge tank wus
at 35()()F to -l()()UI‘ (177 € to 2()'1“C). The drain svstem was evacuated to less
than once micron back to valve kK. Valve Kk was crached and flow began as
indicated by u sharp temperaturce rise in the line betweea valve KK and the

(8] [ O (8]

surge tank (from 350 o 450 F. 177 1o 232 ¢) and by the level probe iun the
still pot. Valve KK wor then conplotely opencd and the alkalid metal draincd
from the surge tunk until the MSAR inductive-type level probe 1n the still
pot indicated 600 to ;OO0 ce of potassion, at which time flow coused,  Valve
KK wis nen closcod, the drain systom Wie pressurized, and the sampler wes
held under 20 psia (1,70 % 1o N w) pressure at o temperature above the
potassium melting point cvernipal and then cooled 10 room temperature,  Ald
power was shut of £ on the draan svetois and all lines from the still pot
to valve KK were rvadioprapped o Jotertaoe iboa plug in the lines could be

located.  The radiopiraphs showed noetning cat o a 1ew voids in tne atwuaii metal

in the sample tubc.

The potassium wits then dis tilled vrem 1the pot 1nto the receilver for
. L. . « (B « Lo
a period of about 66 Lovrs ot tarpe ratale: 00 - 700 F (316 370 Q).
The level probe andreated ne coange on the dovel ot metal in the recerver

for 4 period of at least 1o howr botere Poctaiblation was stopped.
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Following distillation, the potassium drain system and still pot
were removed by crimping the line above valve KK, cutting the line between
valve KK and the crimp, and capping bcth ends of the cut line with
Swageloks. The entire still-drain system was then placed in the welding
chamber, and the sampler and drain line was cut between the still pot
and the valve shown in Figure K-1, under high-purity helium. The drain
line - sampler system was then removed tfrom the chamber for analysis of

the contents of the lines, the results of which will be discussed later.

*The still pot was then cut open to investigate any residue remaining
in the bottom of the pot. The entire cutting cperation was performed in
the high-purity helium environment ot the welding chamber. The still pot
was cut open with a hacksaw just above the bottom of the filings' shield

shown in Figure K-1.

Inspection of the bottom of the still pot revealed black, particulate
matter and a thin film of residual !ithium. Most of the black particies
were swept into a glass vial usir - a brush, and the remainder were sucked
into an Erlenmeyver flask., The lithium was scraped ou* and placed in

another glass vial, and the vials were scaled under helium,

A number of specimens were designated as appropriate for analytical
chemical, spectrographic, or X-ray c¢xamination. They arce identified and
the results are given in Table K-I.  The significance of the results will

be discussed below,

Prior to t4w- final shutdown, 1t was conjcectured that the plugging of
‘he metering valve was due to particulate matter and that the borling
instabilitics could posgsibly have been intensificed by fithium in the potas-
sium resulting from o leak between the primury and secondary circults. A
potassium sample (No. 1622) wa. removed from the potassium transfer line
between valve FF and KK (similar to that sbhown in Figure K-2)., The
cmission spectrographic results shown in Table K 1 indicate that all
metallic mmpuritices except lithium were at or below the detection lints,
A flame nhotometric analysis for bithium indicated 10 ppm, This should
be compared with the {lame photometric resalt of 10 ppm lithian for
sample Noo LIR7A removed fron che charge pot prior to filling the loop;

-

cnd alse with the emission spectrographic result of < 2 ppm lithiam for
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CHEMICAL ANALYSIS OF THE ALKALI METALS FOR
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sample No. 1493B taken after flushing the loop. Thesg_results indicaﬁg

that the leak between the primary and secondary circuits was not present

during the initial loop filling and flushing operations.

Potassium sample No. 1668A, removed from the bottom third of the
sample tube shown in Figure K-1, which was obtained during the draining
of the potassium loop, was also analyzed for lithium by flame photometry.
The analysis indicated 8 ppm lithium. Again, all other metallic impurities
were at or below the detection limits. This sample tube was kept above
the potassium melting point overnight after the draining operation to allow
any particulate matter present tc settle to the bottom. The end cap was

removed with a tubing cutter and the potassium dissolved in alcohol,

Potassium sample No. 1668B was removed from a portion of the heavy-
walled tubing used as the drain line between valve KK and the still pot
(Figure K-1). A flame photometric analysis of this sample indicated 3.3
percent lithium, Some black particulate matter was found in the fluéh
water and was analyzed spectrographically (sample No. 1668C). This
qualitative analysis indicated minor quantities of Cr, Fe, Ni, and Ti and
race quantities of Al, Ca, Mg, Mn, Si, Zn, and Zr, but no Ta, Hf, or W

were detected.

Sample No. 1669A consisted of the black particulate residue which
remained in the potassium still pot after distillation. The results of the
semiquantitative emission spectrographic analysis pexrformed by National
Spectrographic Laboratory indicated 25-50% Cr, 25-50% Mn, 15-25% Fe,

5-15% Ni, 5-15% Si, 0.1-0.5% Al, 0.1-0.5% V, and < 0,05% Ta.

.wo specimens of the black residue were prepared for X-ray diffraction
analysis. The first (sample No. 1669B1) was placed in the glass capillary
in an argon-filled glove box, while the second (sample No, 1669B2) was
lorded in air. A best-fit analysis of the diffraction data indicated
the presence of B—LiFe02 and ahLiFeSOS. However, after standing in air
for a few days, another diffraction pattern was obtained which again
indicated the presence of lithium iron oxides, as well as L120 and o-Fe.

The diffraction pattern of the second specimen indicated the presence of

lithium, Li O, TiOH, and ¢¢-Fe. No Cr, Mn, or Ti was noted for either
r{

sample.
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A sample (No., 1672) of the metal, remaining in the still pot after

distillation of the potassium, was removed by di~solving in water. The

results of flame photometric analyses indicated approximately 100 percent
lithium and 600 ppm potassium. A flame photometrie analysis of the dis-

tilled potassium (sample No. 1682) indicatea 20 ppm 1lithium.

The conclusions drawn from the operations and analyses just presented

were as follows:

1. A leak existed in the boiler of the loop between the primary

and secondary circuits;

2. The plugging of the metering valve was due to particulate

matter which probably originated from stainless steel;

3. The chemical analytical results did not provide a clear-cut
answer to when the leak first appeared, but indications are

+hat it occurred after the loop was filled with the alkali

metals;

4. The chemical analytical results did not provide a clear-cut
answer as to the source of the particulate matter although
the indication is that it was introduced from he potassium

- transfer lines and charge pot.

The loop was prepared for draining of the lithium circuit and
distillation of the residual alkali metal using procecures established
previously with the Cb-1Z2r Rankine System Corrosion Test Loop.(35) Six
quartz lamps(a) with tungsten filaments were installed in stainless steel
brackets welded to the loop support structure. A stainless steel thermal
shield was wrapped around the loop support structure to thermally insulate{

the loop and quartz heaters from the test chamber bell jar. The 1lithium

and potassium surge tanks were partially shielded from the quartz heaters

(35) Hoffman, E. E. and Holowach, J., Cb-1lZr Rankine System Corrosion Test
Loop, NASA CR-1509, June 1970.

(2) General Electric Type 3800 Te/VB, 3800 watts, 570 volts, 1/2 inch OD x

43 1/2 inches long.
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to maintain a lower temperature than the loop so that the alkali metal
distilled from the loop would condense in the cooler surge tank located

in‘the lower portion of the vacuum chamber.

The potassium still, used in the initial drain of the secondary
circuit previously described, was reassembied and reattached to valve KK
of the potassium circuit, omitting the valve between valve KK and the
still pot.

The lithium drain container, shown in Figure K-3, was fabricated
and attached to valve KK of the primary circuit. This container was
fabricated from a 24-inch (6l-cm) section of 4-inch, schedule 10, Type 304
stainless steel pipe and 4-inch, Type 304 stainless steel pipe caps, and
had a volume of 6600 cc. It was weighed prior to attachment to the drain

line and the vacuum-argon line.

Both the lithium and the potassium drain systems were baked out and
helium leak-checked per NSP Specification No. 03-0913-00-B, and no leaks
were found in excess of 5 x lO_10 std cc of air per second at temperatures
£rom 400° to 700°F (204° to 371°C). The potassium circuit had previously

been drained of liquid metal.

Af ter a low-power electrical checkout of the heating lamps, the bek}
jar was lowered to the spool secticn, and ithe vacuum chamber was sealed.
The turbomolecular pump was used to rough-pump the vacuum chamber for 24
hours before the ion pump was turned on. ’'fThe chamber bakeout was turned
on when the chamber pressure was in the 10—7 torr (10—5~N/m2) range. The
system was outgassed for approximately 100 hours with only the vacuum
system bakeout on. The loop temperatuve during this period was approximately
SOOOF (26000). The EM pump power was turned on at approximately 10 per-

cent of the rated power to heat up the pump duct.

The lithium EM pump power was increased to 40 percent of rated power
and the lithium loop temperature increased to lOOOoF (53800). After
circulating lithium for 4 hours, the lithium cifcuit was evacuated and

the lithium drained from the loop. After draining the lithium ciicuit,
the EM pump power was reduced to 10 percent of the rated power to maintain

the pump duct temperature at 1000"F (SSHOC).
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Schematic of System Used for Draining Lithium From the
Primary Circuit of the Loop.
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Approximately 3600 cc of metal was removed from this circuit as
indicated by level probe measurements of the liquid level in the container.
The level prob~ also indicated an additional interface about 1 1/2 inches
(3.8 cm) above the bottom of the container which corresponded to about 200 cc
of potassium. After cooling the container to room temperature, a radio- i

graph showed the interface of the two layers, thus confirming the presence .

of a substantial cuantity of potassium in the lithium circuit of the loop.

After the initial draining operation, both circuits were evacuated
with the vacuum system on the potassium purification dolly. The quartz
lamp power was then slowly increased in small increments to hold the
vacuun chamber pressure in the 10_7 torr (10—5 N/mz) range. The potassium
EM pump power was increased, anil the power to the potassium preheater was

turned on.

Typical operating conditions during the ten-day distillation period

are as follows:

Chamber Pressure 3 x 10_8 terr (4 x 10—6 N/m2)
Average Lithium Circuit Temperature 750°F (39900)

Average Potassium Circuit Temperature 750°F (399°C)

Boiler Temperature SSOOF (4540C)

Potassium Preheater Temperature ISOOOF (70400)

Lithium Surge Tank 549°F (282°C)

Potassium Surge Tank 580°F (3040C)

EM Pump Duct Temperature (Li and K) 12000F (6490C)

During the distillation period, the vacuum chamber bakeout heaters
on the spool section and the sump were not turned on so that the lower
portion of the loop (surge tanks) would be at a lower temperature to

condense the alkali metal, distilled from the loop, in the surge tanks.

Periodically, the surge tank drain valves were opened to gravity-
drain the distillate from the surge tank. The surge tank would then be

pressurized to drive any remaining alkali metal into the drain tank,

2, Preliminary Leak Checking of the Boiler Before Cutting

The methods to be employed in repuiring the bouiler were contingent

upon the location of the leak between the potassium and lithium circuits.
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Some effort was thus expended in localizing the leak beforc the boiler

was removed from the loop.

An attempt to locate the leak was made by measuring the steady-state
leak rate as determined by a helium mass spectrometer leak detector. The
l1ithium loop was pressurized with helium to 0.4 psia. The potassium
circuit was evacuated to the 10"4 torr (10—2 N/m2) range with the helium
leak detector. At these conditions a steady-state reading on the helium

level meter of the leak detector could be stabilized at 7.5 x 10_8 std

cc/sec of helium, Any change in the helium leak rate would be indicated
by a corresponding change on the helium level meter. The inlet to the
boiler was then heated to 3800F (19300) for approximately 20 minutes with
a slight decrease in the helium level as shown in Figure K-4. The heater
power to the boiler inlet was turned off, and the boiler outlet was heated

o o
to 400 F (204 C). Again, the helium level decreased at the same rate as

e e

observed when the inlet was heated. When the center section of the boiler, ;
which consists of seven 10-inch (25.4-cm)-diameter coils, was heated, :
the helium level increased indicating a higher leak rate, The leak rate
continued to increase even after the power was turned off. Subsequently, . .

with the boiler at room temperature, the lithium circuit was pressurized

5 2
with argon to 50 psia (3.45 x 10° N/m~) while the potassium circuit was
evacuated. The boiler remained at these conditions for three days without

indicating a leak as evidenced by the lack of a drop in pressure in the

:
i
;
l
|

lithium circuit.

The results of these tests indicated that the leak might be in the
center section of the boiler and that the leak was only apparent when the

o
boiler was heated above the melting point of lithium (367 F, 180.60C).

3. DBoiler Cutting Procedures

The procedures employed in cutting the boiler were such to minimize
the possibility of contaminating the loop either by air reacting with
' the residual alkali metal in the loop once a cut was made or by chips
from the cutting operation falling into the loop. To prevent contamina-
tion of the alkali metal, all cutting operations were performed in inert
gas (argon) atmosphere., To accomplish this, a vinyl, 0.020-inch (0.51-mm)-

thick chamber was designed, fabricated, and assembled around the loop.
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The chamber shown in Figure K-5 is fittcd with neoprene gloves appropriately
located for access to the arcas to be cut at the top and bottom of the
poiler. The chamber was sealed from the atmosphere at its base by a rubber—
cushioned stainless steel expansion ring pressing the vinyl against the
inside of the vacuum chamber spool piece. The vacuum bell jar could
therefore be lowered over the vinyl chamber and mated with the spool piece
flange without interference at the sealed end of the vinyl chamber. This

- arrangement provided the capability of evacuating the vinyl chamber inside
the bell jar. The annulus between the vinyl chamber and the bell was also
evacuated to prevent collapse of the chamber. Following an overnight pump-
down, the chamber was backfilled with argon. Analysis of the exiting argon
was performed with a Beckman Model 80 Trace “xygen Analyzer and a Model
27901 electrclytic hygrometer shown in Figure K-6. Typical analyses of
less than 10 ppm oxygen and less than 70 ppm water vapor were obtained.
Subsequently, the bell jar would be removed and cutting operations would
be iitiated. Gas analysis was continued during operations in the vinyl
chamber. The water vapor concentration in the chamber increased with time
but typical analyses indicated maximum concentrations of less than 200 ppm
when the gas-filled chamber was maintained at ambient conditions. Only

small increases in oxygen concentration were noted.

All boiler cuts were made with a tubing cutter to climinate chip
formation which could fall into the loop., The cutters were fitted with

three cutting wheels such that cuts could be made without 3600 rotation.

4. Removal of the Boiler From the Loop

The welds separating the potassium and lithium circuits of the boiler
were thought to be *he most probable locations for the leakage to occur.
The locations of these welds are shown on the sketch of Figure K-7. If
the leak had been in the weld at the .op of the boiler, the boiler could
have been repaired without removal from the lvop. The initial cut was
therefore made to expose this weld for inspecticn and leak checking and

subsequent repair if required.

The boilev was cut expousing the top weld and the potassium circuit,
which had been under a positive argon pressure, was immediately sealed
with expandable plugs ( Imnerial Model 140F Tubing Test Plugs) as shown

in Figurec K-8, Thoe secal is accomplished by a rubber grommet expanded
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Figure

K=o

Vinyl Chamnber Used

for Cutting Operations on the Botler,
(Orig, CHROGZRIZ)
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Beckman Electrolytic

Hygrometer for ‘water

Vapor & Oxygen Analyzer -
. . o

;\.F

' ,":s‘g:
Turbomolecular Pump

Figuve K-6. Vacuum Equipment and Instrumentation Used for Evacuation
and Backfilling of Vinyl Chamber and Analysis of Exiting
Inert Gas. (C68062846)
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rigure K-7, Welds in 0.375-Inch (0.95-cm)-0D T-111 Alloy Tubing in the Boiler
Which Separates the Potassium and Lithium Circuius.
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Figure K-8. T-111 Boiler Following Initial Cut. The Potassium
Circuit Was Sealed From Atmosphere with Expandable
Plugs. * (Orig. C68062845)
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against the inside diameter of the tube by the acticn of a brass sleeve ,

actuated with the wing nut as shown in Figure K-9.

Inspection and helium mass spectrometer leak checkirz of the weld
did not reveal a leak at this location. Subsequent room temperature leak
checking of the boiler coils and the bottom of the boiler also did not

reveal a leak. The vinyl chamber was removed.

o 0

The boiler was heated to 400 F (204 C) at various locat’ons, as
previously described, with helium in the potassium circuit and the mass
spectrometer leak detection pumping on the lithium circuit. Again, no

jeaks were found at the top of the boiler: however, definite leak indica-

s Ttk

tions were noted when the center coils were heated to 4000F (204OC).

The leak could not be detected when the boiler was returned to rcom
temperature. Similar behavior was obtained in the previous leak tests which
suggests that the leak could be a fine crack which could plug the residual

lithium (M.P. 357°F, 180.6°C).

Since it could definitely be determined that the leak was not at the
top weld, and this was the only weld that could be repaired in place,
preparations were made to cut the boiler from the loop. Three additional
cuts were required to remove the boiler; the lithium inlet line, the lithium
exit line, and the potassium iniet just above the top electrode as shown
in Figure K-10. The vinyl chanber was reinstalled, and the lithium inlet
aind outlet lines were cut and sealed. Similar techniques were employed
as previously described, with the exception of the seals on the boiler
which were made with Swagelok fittings as shown in Figure K-1il. The Swagelok
caps were substituted for the expandable plugs to facilitate subsequent
attachment of the boiler to the cleaning apparatus for the removai of
residual alkali metal, The final cut to remove the boiler was made at the
potassium inlet, The wall thickness was reduced by hand filing to 0,123
inch (0.32 cm) over a 0.750-inch (1 91-cm) length and V-grooved in'the ared
to be cut to 0.050 inch (0.13 cm) prior c¢o final cutting with the tubing
cutter within the vinyl chamber.

5. Cleanig‘g}he Boiler

The proposed method of removing the residual potassium and lithium

from the T-1i1 boiler v tiushing with anhydrous liquid ammonia (99.999%,
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Figure K-10.

First Cut —
K Outlet Lin(.” e Sccond Cut ~

Li Inlet Line

Third Cut —
Li Outlet Line

)

Fourth Cut —
K Inlet Linc

Location of Tubing Cuts Made to Remove Boiler From
Loop as Indicated on the Boiler Assembly Before
Final Loop Assembly. (Orig. C67100412)
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Figure K-11,
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Swagelok Cap

Expandable Rubber Plugs
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Top of Boiler After Cutting and Sealing
and Potassium Exit Lines, (C680719137)
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< 10 ppm HZO) was tested by cleaning a simulated boiler constructed of
0.5-inch (1.27-cm)-OD, type 316 stainless steel tubing. This apparatus
consisted of two coils and contained a section of 1/8-inch (0.32-cm),
stainless steel rod around which were wrapped specimens of 0.060-1inch
(0.15-cm)-diameter T-111 and Cb-1Zr wire. This special section was
jheluded to simulate the plug region of the T-111 loop. The lithium drain
cpntainer, containing the lithium and a small amount of potassium removed
from the loop, was emptied into another container through the simulated
boiler. Argon was then blown through the apparatus so that most of the
alkali metal was removed. The residual alkali metal was then flushed out
with liquid ammonia using the procedure described below for the actual
boiler. The T-111 and Cb-12Zr specimens showed no significant change in
carbon, hydrogen, oxygen, Or nitrogen concentrations as a result of the
cleaning operation, thus qualifying the method for cleaning the T-111

boiler.

The T-111 boiler, previously sealed in an argon atmosphere, was
connected to the liquid ammonia system as shown in Figure K-12, and the
system was evacuated up to the liquid ammonia valve. The system was back-
filled with argon, and the lithium and potassium circuits were tested

" individually to determine if a gas passage existed in each circuit. The
lithium circuit was subsequently capped, and the argon'flow was adjusted
to 50 ml/min through the potassium circuit. With this argon flow maintained,
the boiler and liquid ammonia cooling coil were cooled to —SOOC by pouring
liquid nit;ogen (B.P. -19600) into a 50-percent-by-volume mixture of
methanol and water. When the boiler reached —SOOC, the temperature nec-
essary to maintain the ammonia in a liquid state, the argon flow valve
was closed as ‘the valve to the ammonia botile was opened initiating ammonia
flow. ‘The first portion of liquid ammonia emerging from the boiler was
dark blue in color as a result of the ammonia-potassium interaction, but
after 500 ml of liquid ammonia had passed through the boiler, the effluent
was clear, indicating that the bulk of the potassium had been flushed out
in about 10 minutes. The flushing was continued for an additional 45 minutes,

at which time about 2000 ml of liquid ammonia had passed through the boiler.

The procedure for cleaning the potassium circuit was applied to clean-
ing the lithium circuit with similar results. The lithium circuit contained

\
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a greater Quantity of alkali metal than the potassium circuit and required
a greater quantity of liquid ammonia to remove the bulk of the lithium.
The liquid ammonia flushing of the lithium circui: was also continued for

45 minutes after: the disappearance of the blue color.

Both circuits were purged with argon at room temperature to remove
residual ammonia. They were then filled with absolute ethanol which was
drained after a 48-hour soak time in the boiler. The circuits were again
filled with ethanol which was subsequently analyzed by flame photometric
techniques. No lithium or potassium was indicated in the analysis (< 10 ppm
Li, < 10 ppm K). This procedure was repeated using distilled wat.r with
similar analytical results., The boiler was finally dried with an ethancl

rinse and argon purge in preparation for locating the leak.

6. Locating the Leak in the Boiler

The cleaned and dried boiler was subsequently attached to a General
Electric M-60 helium mass spectrometer leak detector. With the leak
detector pumping on the lithium circuit, a helium flow was established
through the potassium circuit. A leak was observed with a quantiiative

-5
leak rate of 8 x 10 std cc/sec equivalent air leakage.

The general location of the leak was determined by use of ethanol and
a leveling bulb attached to the potassium circuit. The boiler was placed
in an upright position with the potassium exit line at the top, and a
250-cc leveling bulb half filled with ethanol was attached to the potassium
inlet line with rubber tubing. The leveling bulb was adjusted so that
the level of the ethanol within the potassium tube was near the bottom of
the boiler. A flow of helium was maintained into the potassium exit line
to keep helium in the vapor spaces above the ethanol level, and the leak
detector was adjusted to give a high output reading. By slowly raising
the leveling bulb, the liquid level within the boiler was moved upward
until the ethano’ covered the leak as indicated by a sudden decrezse in
the reading of the output meter. Using this procedure, the leak was
located within the coiled section of the boiler, in the second turn from

the top.

The ethanol was then drained from the boiler and the helium flow
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continued until thc bojder was dry and the leak reappeared. The boiler
was then inverted (potassium inlet line at the top), and the same procedure
was repeated. The indicated leak location was at approximately the same
place in the boiler as in the previcu- test. However, since the exact
shape of the liquid interface within the boiler was not known, the precise
position of the leak could not be determined. At this point, it was
estimated that the leak was known to he within a section of the boiler

tube approximately 20 inches long.

The ethanol was again drained from the boiler and the boiler diied
until the leakage was reestablished. The boiler was then placed in a
horizontal position, and the leveling bulb was positioned level with the
axis of the coil. The boiler was then slowly rotated about its axis so
that the liquid interface within the boiler moved along the length of the
tube. Using this technique, the most probable leak location was rarrowed

to a section of tubing approximately 6 inches long.

Inspection of radiegraphs of the boiler, which had been previously
obtained, indicated that one of the butt welds in the potassium tube was
near the center of the section of tubing in which the leak had been
localized. It was concluded at this time that in all probability the

leak was in this weld.

The boiler was then cut avnart, and the suspected section of potassium
tube containing the butt weld was ‘emoved. The section was leak-checked,
and no leakage was found at first. However, after soaking the tubing in
boiling water for 15 minutes, the leak reappeared and was localized using
a fine helium jet. Using this helium probe technique, the leak was found
to be near the center of the weld and within an area about 0.1 inch
(0.25 cm) in diameter. Very careful inspection of this area with a micro-
scope revealed some surface irregularities but not obvious cracks or

pinholes.

The tube was pressurized with air, and the suspected leak area was
coated with a soap film and observed at 30X magnification. Bubbles were

observed at the leak as shown in Figure K-13. Close examination indicated

a grain-boundary crack as the source of the leak which is shown in Figure K-14.
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Subsequently, the weld nugget section was removed from the tube and
ground longitudinally up to the crack area in preparation for metallo-
graphic examination. At this time, a similar but much shorter crack
was observed at 30X magnification on the ID of the tube.

7. Metallographic Examination of the Crack in the T-111 Alloy
Boiler Tube

The weld nugget section of the tube butt weld containing the crack
was removed from the boiler and ground longitudinallv up to the crack area
in preparation for metallographic examination. Tie specimen was mounted
in clear epoxy such that the tube could be examined longitudinally, trans-
verse to the crack. The specimen was Automet—ground*on 600-grit paper
up to the fiducizl marks which were placed on the specimen before mounting
to indicate the location of the crack. Final polishing was accomplished

using standard procedures.

The crack was observed to be intergranular and, as shown in Figure
K-15, View AA, did not extend completely from the OD to the ID of the
weld nugget. The specimen was subsequently repolished removing only approx;—
mately 0.002 inch (0.05 mm) from the surface. The appearance of the crack
was similar as shown in View BB of Figure K-15 but shorter in depth. An
additional polish was performed removing 0.006 inch (0.15 mm) of material
from the surfuce. The crack appearance after this polish was considerably
different and not as deep as observed previously, as can be seen in View CC
of Figure K-15. It became clear at this point that the orientation of the
specimen in the mount was such that the egress of the crack at the ID had
been passed in the initial polishing step. In any event, examination of
the crack at higher magnifications, performed between the polishing steps
previously described, did sufficiently indicate the morphology of the

crack.

T crack deviates from a simple shortest-path route, and eutire
gra..s are delineated by the grain-boundary separation, as can be seen in
Figure K-16. The appearance of grain-boundary separation suggests some

action of the lithium which has penetrated into the crack. The intermittent

Automatic Metallographic Polishing Apparatus - Buehler Ltd.,
Evanston, Illinois.
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gaping ot the grain boundaries, especially off from the main crack and

at the bottom of the crack, as shown in Figure K-16, is similar in
appearance to lithium corrosion. A mechanism of attack of the weld by
lithium is difficult to understand since no corrosion by lithium has

been observed in T-111 weldments having such a low oxygen concentration
(40 ppm). The role of lithium in the resulting metallographic structure
is further exemplified in the microstructure at the bottom of the crack as
shown in Figure K-17. The grain-boundary voids illustrated are difficult
to explain in terms of cracking alone. The microstructures shown in
Figures K-16 and K-17 are of areas in the specimen below the main crack
path as irdicated by their appearance as well as the fact the crack depth

is decreasing with each additional polish.

The following conclusions were derived from the metallographic

oxamination:

1. Although the cause of the crack was not evident, it was not

believed to have been initiated by alkali metal corrosion.

2. The crack appeared to have been initiated at! the tube OD or
iithium side and was completely intergranular. Recent tests
have indicated that slight straining of T-111 weldments while
hot (above 25000F, 137000) results in grain-boundary sliding
and separation in the weld nugget, and a small crack of this
type may have been introduced during butt welding of the
tube initially. A crack of this type could have propagated
during bending of the tube in the fabrication of the boiler,

which was performed after welding.

3. 'The grair boundaries in close proximity to the crack itself
appeared to be influenced by the presence of lithium in the

crack.

4. The favored explanation for the highly localized nature of the
"apparent” lithium attack is that localized contamination of
the grain boundaries occurred during the heat treatment of
the boiler. This contamination could have resulted from the
presence of moisture or other contaminants being present in

0 o
the crack psior to the heat treatment at 2400 F (1316 C).

455




RIRN I
AL ]

Potatt 2

200

Etchant:  dopsNH F-teiit o RS

FOOEL 22

Figure kK-17, Iatergratobar Crack in the Weld Nugget of the Botier Tube.




8. Evaluation of the T-111 Boiler for Possiule Rcuse in the
Corrosion Loop

The location of the leak in the boiler tube was such that a suitable
repair plan could be devised; however, evaluation of the boiler material
was required to document it for reuse. Specimens were removed from the
boiler in the vicinity of the crack for metallographic examination and
spectrographic, interstitial, and microprobe analyses. The ductility of

the T-111 was determined qualitatively by compression testing.

Metallographic examination indicated no changes in the microstructure
of the T-111 specimens from the boi'er as a result of the alkali metal
exposure and ammonia cleaning. Sections of boiler tubing were flattened

without evidence of cracking or change in ductility.

The inters+%itial analysis results obtained on specimens removed from
the boiler are compared with that obtained on as-received tubing in
Table K-II. No major changes were noted as a result of the test exposure.

Interstitial analysis of T-111 weld control specimens welded before and

after the welding of the boiler, as part of NSP Specification No. P8AYA13-51,

"Welding of Columbium, Tantalum, and Their Alloys by the Inert Gas Tungsten
Arc Process," indicated no contamination occurred during welding of the

boiler.

Chemical analysis of the particulate matter found in the potassium
drained from the loop indicated concentrations of Fe, Ni, Cr, and Mn. The
possibility of contamination of T-111 loop materials by exposure to the
particulate matter was checked by analysis for these elements. Microprobe
traverses of the T-111, 0.375-inch (0.95-cm)-diameter boiler tube showed
no traces (<< 1000 ppm) of Fe, Ni, Cr, or Mn. Subsejuently, specimens of
0.375-inch (0.95-cm) tubing were pickled, and the acid solutions analyzed
spectrographically for Fe, Ni, and Cr. These results are given in
Table K-III. The higher iron and nickel concentrations observed in the
fiist analysis of the boiler material were not observed in the subsequent
analysis. Approximately 0.00l-inch (0.025-mm) thickness of material was
removed by each pickling operation. The slight increase in iron and
nickel concentrations in the first 0.001 inch (0.025 mm) of the hoiler tube

wall ic not believed to be detrimental.
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TABLE K-II

INTERSTITIAL ANALYSIS OF 0.375-INCH (0.95-cm)-0D T-111 TUBE SPECIMENS

Concentration, ppm

Element As-Received Tubing Tubing Removed from Boiler
b

ol 36, 41¢®) 40, 41

N 6, 7 ‘ 7, 6
a

H( ) 2,1 1, 1
c

C( ) 37, 38 43, 62

(a) . .

Vacuum Fusion Analysis
(b) Duplicate Analysis
(c)

Combustion Conductometric Analysis
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TABLE K-III

SPECTROGRAPHIC ANALYSIS OF 0.375-INCH (0.95-cm)-OD T-111 TUBING

. . . . . a
Concentration in Acid Pickle So?utlon,( ) ppm

First Pickle Second Pickle
As Received Tubing Removed As Received Tubing Removed
Element Tubing From Boiler Tuhing From Boiler
Fe 38 102 35 < 20
Ni 6 26 < 5 < 5
Cr 17 22 < 10 <10

(a)

Entire specimen pickled, removing 0.00l-inch thickness of
material from both ID and GD per pickle.
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_ gap. The welded specimen is shown in Figure K-19. Subsequent radiographic

Based on the results of the various cvaluations cited, repair of the
boiler was recommended and drawings of the modifications needed to reuse

the boiler were prepared.

9. Boiler Repair Plan

A number of modifications to the boiler were necessitated bty the
repair, as shown schematically in Figure K-18. Since one coil was removed
from the boiler, an additional length of T-111, l-inch (2.54-cm)-diameter
tubing was added to the top of the boiler to achieve a total boiler height
equal to the original boiler for correct fitup during installation into
the loop. New fittings were required for attachment to the lithium inlet
and outlet lines. During installation of the boiler, the lithium lines
originally on the loop were inserted into socket fittings to insure correct
alignment during welding. Butt welding is normally the technique utilized
for joining tubing; however, because of the location of these welds and
limi ted access during installation of the boiler into the loop, the socket-
weld approach was selected. The main concern with this type of weld joint
is the possibility of an open gap between the socket fitting ID and the OD
of the inserted tubing. A trial fitting was machined with a double socket,

and weld experiments were performed to develop a technique to prevent this

and metallographic examination of this specimen indicated full penetration
welds with no gaps were achieved when the tubing was inserted in the socket
and pulled back slightly so the bottom of the tube did not contact the
bottom of the socket. The joint between the 0.375-inch (0.95-cm), inner
boiler tube and the 1-inch (2.54-cm), outer boiler tube at the top of the
boiler waé also modified with a new fitting similar to that used at the
bottom of the boiler. This butt joint design is preferred over the
previously employed tube-to-header joint. These design modifications

are compared with the original design in Figure K-20,
10. Egiler Repair

The necessary machined parts were received, and the boiler repair

welding was initiated. Welding was performed in the VASCO welding chamber

in the NSP Systems Materials Technology laboratory according to NSP
Specification No. P8AYA13-S1, "Welding of Columbium, Tantalum, and Their

Alloys by the Inert Gas Tungsten Arc Process.’
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Figure K-19. Socket Weld Fitting Specimen to Qualify This Joint Design for
the Boiler Repair and Reinstallation. (Orig. C68082846)
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Figure K-20. Joint Design at the Ends of the Boiler.
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In the initial welding step, a new section of 0.375-inch (0.95-cm)-

welded to lhe inner boiler tube. Subsequent

diameter tubing was butt

helium mass spectrometer leak checking and radiographic inspection

indicated this weld to be sound. Two sections of l-inch (2.54-cm)-diameter

boiler tube were then welded in place as shown in Figure K-21. These

pieces were obtained from the boiler coil which was removed during section-

ing of the boiler (Figure K-18). Following the joining of the new end

fitting to the 0.375-inch (0.95-cm)-diameter tubing, the three welds were

inspected by radiography and helium mass spectrometer leak checking and

The boiler was completed wi'th the addition of the
the boiler

found to be sound.

lithium inlet fitting and boiler extension piece at the top of

as shown in Figure K-22, and the addition of the 1ithium outlet fitting at

; the bottom of the boiler as shown in Figure K-23. The boiler plug was

reattached at this time by tack welding to the bottom boiler fitting.

The repaired boiler is compared with the original boiler in Figure K-24.

from the boiler reduced its total length by approxi-

The removal of one coil

mately 27 inches (68.6 cm); however, the performance of the repaired Jboiler

he boiler is still

uld not be affected since the overall length of t
eat (100°F,

sho

greater than the length required to obtain the specified superh

o
55.6 C).

A final helium mass spectrometer leak check was performed on the
boiler to insure no leaks were present between the potassium and lithium

circuits. No leak indications were observed.

11. Postweld Anncaling of the Boiler

The repaired boiler was wrapped with Cb-1Zr foil as shown in Figure K-25

ing to NSP Specification 03-0037-00-A, "Postweld

and postweld—annealed accord

|

Vacuum Annealing of tb-1Zr and T-111 Alloys.' The chamber pressure was

3 2 0
N/m") at temperatures above 1000 F

maintained below ! X 10—5 torr (lO—
0] (o]
» at 2400°F (1316 C) was

o
(538 C), and the maximum pressure with the boile
- -4 2
only 5 x 10 6 torr (7 x 10 N/m7).
The boiler was again helium mass spectrometer 1eak checked, including

across the circuits, with no indications observed.
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Figure K-21. Top of the Boiler Following Initial Repair Welds.
(Orig. P68-9-3A, Inseti P68-9-3B)
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Figure K-24. T-111 Corrosion Loop Boiler. (Orig. C67071832, P68-9-12H)
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12. Welding Chamber for the Installation of tiie Boiler into the Loop

Requirements to reinstall the boiler into the loop according teo
NSP Specification 03-0025-00-A, "Welding of Columbium, Tantalum, and Their ‘
Alloys by the Inert Gas Tungsten Arc Process, ' necessitated the purchase ‘
of a special welding chamber to be installed around the loop for the welding
operations. The stainless steel welding chamber was purchased from Vacuum
Industries Inc., Scmerville, Massachusetts. The chamber, shown during
installation on the T-111 Corrosion Loop Test {acility in Figures K-26
and K-27, is comprised of two flanged spool sections, four feet (1.2 m)
in diameter and four feet (1.2 m) high, such that each can be rotated i
independently for improved access to weld locations. Sight ports and glove
ports are appropriately positioned in the areas where welding will be per- |
formed at the top and bottom of the boiler location. An independently |
pumped tool port is also provided such that necessary tools cculd be

brought into the chamber without contaminating the chamber environment.

The chamber is shown in Figure K-28 aftcr final installation. nouch
punpiug was accomplished with the 260-liter-per-secornd turhomclecular pump,
and the loop facility ica pumps were used t¢ achieve the high vacuum,

<1lx 10_5 torr (10—3 N/mz) called for in the welding specification. The

chamber was backfilled with ultrahigh-purity helium which was passed throﬁgh
a molecular sieve dryer before entering the chamber. The inert gas analysis
equipment included C.E.C.* and Panametrics** moisture monitors and the |
gas chromatograph shown in Figure K-29. G2s 1°nes attacued to the gas |

chromatograph made possible the analysis of the inlet gas as well as outlet

gas from the chamber.

Before welding of the boiler was initiated, tle -hamher and welding
equipment were qualified in accordance with the welding specification

cited above.

13. Installation of the Boiler into the Loop

The boiler was welded into the locp as shown in Figure K-30. Four i

welds were requived to reinstall the boiler; two at the top of the boiler ;

*
Model 26-303 Consolidated Electrodynamics Corp., Tleveland, Okio.

o .
Model 1000, Panametrics Inc.,, Waltham, Massachusetts.
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Figure K-26., Installation ol the Welding Chamber Around the T-111 Corrosion
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Figure K-27.

_.
4
— ]
—
p—

Welding Chamber Installed Around the T-111 Corrosion Loop.
The Chamber Consists of Two Spools Which Can Be Rotated
Tndependently for Improved Access to Weld Locations,
(C68090424)
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Figure K-28. Welding Chamber and Ancillary Instrumentation Installed
on the Test Facility. (Crig. P68-9-44C)
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Figure K-29.

Helium Gas Line
From Chamber
VO

Gas Chromatograph Used to Analyze the Helium Atmosphere in the
Welding Chamber for the Repair of the T-111 Corrosion Loop.

(P68-9-44B)
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and two at the bottom as shown in Figures K-31 and K-32, respectively.
Subsequent radiographs of the welds indicated a very small area of incom-
plete penetration in the upper lithium line weld. Although the weld

was acceptable from a joining standpoint, a decision was made to reweld
the joint to improve reliability. The chamber was reassembled on the
loop facility and welding completed. Subsequent mass spectrometer helium
ljeak checking and radiography of the welds showéd no indications of leaks
or weld defects. The upper spool piece of the chamber was removed,

and installation of the annealing furnaces around the welds was initiated.
The welds were annealed for 1 hour at 2400°F (1316°C). The chamber was
opened and subsequent mass spectrometer leak checking performed. No
indications were noted, including a leak check between the potassium and

lithium circuits.

14, Reinstrumentation of the Boiler

Reinstrumentation and reinsulation of the Liiler commenced following
leak checking of the loop after postweld annealing of the snstallation
welds. Over thirty W-3Re/W-25Re thermocouples “equired replacement. The
techniques employed for thermocouple instaliation and insulation with Cb-1lZr

dimpled foil were described in Section V1I.

15. Test Facility Operations

Following reinstrumentation and reinsulation, the chamber was closed
and evacuated with the turbomolecular pump. Mass spectrometer leak checking
was performed, and no leaks were found. Ion pumping was initiated, and
the bakeout heaters were then turned on. At that time, a final helium
check was performed between the potassium and lithium circuits with the
loop at 3750F (190°C), and no leaks were found., Bakeout continued until

alkali metal flushing of the loop circuits was completed.

16. Alkali Metal Flushing of the Loop

As described previously, examination of the alkali metals d1iined
from the loop indicated lithium in the potassium and’ potassium in the
lithium as a result of the boiler leak., Pa